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Abt.  L — Indian  Mounds  and  Shdla  in  Michigan.  Results  of 
Bkphraiions  of  Mr.  Henry  Gillman.  From  the  Sixth  An- 
nual Report  of  the  Trustees  of  the  Peabodj  Museum  of 
American  ArchaBologj  and  Ethnology,  Harvard  College, 
Prof  Jeffries  Wyman,  Curator. 

A  COLLECTION  made  by  Mr.  Henry  Gillman  from  a  mound 
on  the  Detroit  River,  Michigan,  explored  by  him  for  the  Mu- 
seum, consists  of  human  remains  and  various  objects  buried 
with  the  dead.  The  latter  are  of  the  common  kinds,  such  as 
stone  chisels,  one  of  much  beauty  made  of  diorite  and  highly 
polished,  a  spear  point,  arrow  points,  stone  pendants,  a  stone 
boring  tool,  beads  and  ornaments  made  of  shell  and  copper,  an 
implement  made  of  an  antler,  a  miniature  vase  of  the  size  of  a 
common  thimble,  and  two  large  and  perfect  vases  of  the  oval 
pattern  and  ornamented  over  the  whole  surface  with  cord  marks. 

One  of  the  skulls,  that  of  a  fully  adult  person,  is  worthy  of 
notice  for  its  diminutive  size,  and  for  a  remarkable  extension 
of  the  lines  for  the  attachment  of  the  temporal  muscle  toward 
the  top  of  the  head.  The  average  capacity  of  the  Indian  cra- 
nium, as  given  in  the  tables  of  Morton  and  Meigs,  is  eighty-four 
cubic  inches,  and  the  minimum  observed  by  them  sixty-nine 
cubic  inches.  That  from  the  Detroit  River  mound  measures 
only  fifty-six  cubic  inches,  or  less  than  sixty-seven  per  cent  of 
that  of  the  average  Indian.  In  ordinary  skulls  the  ridges  of 
the  temporal  muscles  on  the  two  sides  of  the  head  are  sepa- 
rated by  a  space  of  from  three  to  four  inches,  seldom  less  than 
two,  while  in  the  Detroit  mound  skull  this  space  measures  only 
three-quarters  of  an  inch ;  and  in  this  respect  it  presents  about 
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the  same  coDditions  as  the  skull  of  a  chimpanzea  As  the  two 
other  crania  from  the  same  mound  offered  no  such  peculiarities, 
the  skull  which  has  just  been  described  must  be  considered 
simply  as  an  extreme  case  of  individual  variation  from  the 
ordmary  form.     There  are  no  signs  of  artificial  deformity. 

The  single  tibia  accompanying  this  collection  is  somewhat 
flattened. 

Mr.  Gillman,  under  an  appropriation  made  by  the  Trustees, 
has  explored  a  series  of  mounds  at  the  head  of  St  Clair  Biver, 
and  the  collections  made  by  him  have  been  received  and  were 
accompanied  with  the  following  report : 

The  mounds  situated  at  the  heaa  of  the  St  Clair  Kiver  ex- 
tend from  south  of  Fort  Gratiot  for  one  and  one-half  miles 
northward,  along  the  west  shore  of  the  river  and  of  Lake  Huron. 
It  is  altogether  probable  that  they  reach  much  farther,  both 
northward  and  southward  ;  but  I  have  traced,  examined  and 
fully  identified  them  for  the  distance  mentioned.  Similar 
works  have  been  found  on  the  opposite  side  of  the  river,  in 
Canada.  Isolated  mounds  in  the  interior  also  exist,  an  inter- 
esting example  of  which  is  seen  on  the  west  shore  of  the  Black 
River  (a  tributary  of  the  St  Clair),  at  a  point  about  one  and 
three-quarter  miles  southwest  of  Gratiot ;  the  mound  referred 
to  havmg  been  exposed,  some  years  ago,  by  the  grading  of  a 
road  through  it,  which,  as  usual,  resulted  in  the  loss  of  a  large 
amount  of  valuable  relics. 

With  few  exceptions,  all  these  mounds  have  a  general  resem- 
blance, and  bear  the  appearance  of  terrace-like  embankments 
from  ten  to  twenty  and  twenty -five  feet  in  height ;  they  are 
much  longer  than  wide,  and  run  nearly  parallel  to  the  general 
direction  of  the  river  and  lake  shore,  which  here  does  not  vary 
much  from  north  and  south.  They  are  mostly  of  the  Drift  for- 
mation, subsequently  modified  or  added  to  by  man  for  the 
various  objects  for  which  they  were  occupied,  whether  for  the 
purposes  of  interment,  habitation,  or  the  manufacture  of  the 
rude  implements  connected  with  the  daily  life  of  that  period  ; 
and,  from  the  topographical  features  and  the  geographical  posi- 
tion, they  must  nave  formed  favorite  places  of  retreat  in  war 
tima 

Mound  No.  1  is  composed  chiefly  of  sand  and  gravel,  is 
about  two  hundred  feet  long  by  fifty  feet  wide,  and  is  fifteen  feet 
above  the  level  of  the  river.  It  nas  rather  abruptly-curving 
sides,  and  is  built  on  a  slope  of  the  ridge,  of  Drift  formation,  on 
which  the  village  of  Gratiot  stands. 

A  large  excavation,  made  about  fifty  feet  from  the  south  end 
of  the  mound,  disclosed  the  remains  of  four  human  bodies,  at 
a  depth  of  four  feet  from  the  surface.     In  an  area  of  about  ten 


H.  Oillman — Indian  Mounds  in  Michigan,  8 

feet  square  the  four  crania,  with  a  portion  of  the  accompanying 
bones,  were  taken  out,  but  were  in  so  decayed  and  tender  a 
condition  that,  with  the  exception  of  a  skull  and  a  few  of  the 
long  bones  and  vertebrae,  they  mostly  fell  to  pieces.  The  bod- 
ies evidently  were  buried  in  a  sitting  posture.  This  was  very 
apparent  in  one  case,  where  the  femora  were  found  bent  upon 
and  above  the  tibisa.  the  vertebrae,  etc.,  resting  upon  these, 
while  the  skull  lay  on  top,  face  downward,  as  though  it  had 
leaned  forward  originally,  and  had  finally  fiallen  over  into  that 
position.  This  cranium  is  that  marked  Skull  No.  1,  Mound 
I^o.  1 ;  and  the  vertebrae  and  other  bones  thereto  belonging 
may  be  found  correspondingly  marked.  With  these  remains 
were  associated  fragments  of  pottery,  the  bones  of  fishes  and 
birds,  flint  chips,  and  some  stone  implements  of  the  rudest 
character.  These  last  were  mostly  water- worn  boulders,  appar- 
ently used  as  hammers,  and  almost  invariably  shattered  ;  and 
net  sinkers,  fiattish,  irregularly-elliptical  stones,  notched  on  the 
edges  or  partially  grooved  toward  the  center.  It  is  interesting 
to  notice  that  the  tibiae  present  the  peculiar  compression  whicn 
I  have  found  so  marked  a  charactenstic,  and  in  such  extreme 
d^ree  in  the  tibiae  from  the  mounds  on  the  Detroit  River  and 
the  Biver  Bouge,  Michigan,  establishing  the  fact  that  these,  too, 
were  platycnemic  men. 

After  excavating  to  the  depth  of  six  feet,  the  coarse  gravel 
of  the  Drift  was  encountered;  but  no  further  objects  of  interest 
being  met  with,  the  opening  was  extended  in  other  directions 
to  the  westward,  so  as  to  open  a  lateral  trench  through  the 
mound.  This  revealed  several  fireplaces,  solid  beds  of  black 
ashes  from  one  foot  to  eighteen  inches  thick,  with  fragments 
of  pottery  and  bone,  flint  chips,  sinkers  and  broken  hammers 
interspersed.  The  fireplaces  were  invariably  at  or  near  the 
surface  of  the  mound,  showing  it  to  have  been  occupied  for 
habitation  subseqently  to  being  used  for  burial  purposes. 
Openings  made  at  two  points,  about  fifty  feet  from  the  north 
end  of  the  mound,  and  also  at  a  third  point,  half-way  between 
these  and  the  first  excavation,  added  no  facts  of  special  interest. 
Two  excavations  were  then  made  at  twenty-five  feet  from  the 
south  end  of  the  mound,  showing  fireplaces  with  the  beds  of 
bla<:;k  ashes  two  feet  thick,  and  intermingled  relics  similar  to 
those  of  the  fireplaces  already  mentioned.  Some  of  the  frag- 
ments of  pottery  taken  out  here  were  uncommonly  thick  and 
coarse.  Beneath  were  small  pieces  of  the  bones  of  man,  but 
nothing  further  worthy  of  mention.  The  encroachment  of  the 
town  on  this  mound,  and  on  those  to  the  west  of  it,  prevented 
a  more  satisfactory  examination. 

The  oldest  residents  (some  bom  and  brought  up  here)  knew 
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nothing  of  the  character  of  the  mound,  though  they  remember 
that,  many  years  ago,  it  was  covered  with  a  large  forest  growth. 
Mound   No.  2,  which  lies  two  hundred  feet  northwest  of 
Mound  No.  1,  is  over  five  hundred  feet  in  length  by  from  one 
hundred  to  one  hundred  and  fifty  feet  wide;  and  of  the  gene- 
ral height  of  twelve  feet  above  the  level  of  the  St  Clair  River. 
It  is   bounded  on  the  north  by  a  small  stream  known    as 
McNeil's  Creek,  which  also  runs  southwardly  all  along  its  east- 
ern slope,  as  well  as  a  part  of  the  south  end  of  the  mound. 
The  ordinary   observer  will  scarcely  fail  to  notice  that  this 
mound  is  something  more  than  the  work  of  natura     Its  sides 
have  a  graceful,  gradual  slope,  with  the  exception  of  the  side 
fix)nting  the  river,  which  is  abrupt  and  terrace-like,  even  where 
not  washed  by  the  creek.     Between  the  creek  and  the  River 
St  Clair  is  some  low  lands  with  ponds,  where  are  a  few  outlying 
mounds,  small  and  of  sliffht  elevation.     About  two  hundrea 
feet  of  the  south  end  of  Mound  No.  2  is  clear  of  trees,  except 
on  the  sides,  and  is  covered  with  a  smooth  green  turf.     Exca- 
vations were  made  in  a  number  of  places,  showing  that  this 
entire  end  of  the  mound  was  covered  with  a  solid  crust  of  black 
ashes  from  eighteen  inches  to  two  feet  thick.     So  hard  and  solid 
was  this  crust  that  layers  of  it  in  large  pieces  several  inches 
square  and  thick  were  taken  up  unbroken.     Fragments  of  pot- 
tery showing  a  great  variety  of  patterns,  bones  of  animals, 
birds  and  fishes  (some  of  the  larger  bones  evidently  smashed), 
flint  flakes  and  chips,  with  stone  implements,  consisting  prin- 
cipally of  arrowheads,  hammers  and  sinkers,  were  found  inter- 
mixed with  the  ashes.     The  abundance  of  the  sinkers  and  par- 
ticularly of  the  broken   hammers  is  a  remarkable  feature. 
Though  such  rude  utensils,  a  selection  from  them  is  preserved, 
so  as  to  give  an  idea  of  their  character.     I  have  not  found 
elsewhere  a  similar  condition  of  things,  and  believe  that  this 
end  of  the  mound  furnishes  a  neiarer  approach  to  the  "  refuse 
heaps  "  of  the  Atlantic  coast  than  anything  I  have  seen  else- 
where on  the  shores  of  the  Great  LaKes.     The  absence  of  the 
shell  deposit,  however,  makes  a  marked  difference.     I  cannot 
find  that  those  ancient  inhabitants  of  this  region  had  much 
recourse  to  shell-fish  as  an  article  of  diet     The  great  abun- 
dance of  fishes,  and  the  ease  with  which  they  were  captured, 
together  with  the  multitude  of  land  game,  left  them  under  no 
necessity  to  use  the  inferior  fresh-water  mussels  for  food. 

From  the  large  quantity  of  potterv  fi:ttgments  and  broken 
hammers,  together  with  the  thick  bea  of  ashes  covering  so  wide 
an  area  of  this  mound,  I  incline  to  think  that  this  must  have 
been  a  point  where  the  manufacture  of  their  pottery  was  carried 
on  to  an  unusual  extent     The  broken  hammers  may  be  ac- 
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counted  for  by  their  having  been  fractured  in  pounding  the 
grains  used  as  food,  and  in  cracking  the  bones  of  animals  for 
the  extraction  of  the  marrow,  indications  of  which  are  not 
wanting.  The  pottery  found  in  both  these  mounds  exhibits  an 
unusual  variety  of  patterns ;  though  not  a  single  utensil  was 
taken  out  entire. 

From  want  of  time  the  investigation  of  the  northern  part 
of  the  mound,  which  is  elevated  at  its  center  from  two  to  three 
feet  above  the  portion  covered  with  the  ash-bed,  was  confined 
to  three  points.  No  additional  information  was  obtained,  how- 
ever, further  than  establishing  for  it  a  like  origin  with  the  other 
mounds. 

All  the  northern  portion  of  the  mound  and  also  the  sides  of 
the  southern  portion  are  covered  with  a  large  second  growth  of 
trees.  These  consist  chiefly  of  White  Pine  {Pinus  strcbus  L.), 
Scarlet  Oak  (Qvjtrcus  coccmea  Wang.),  White  Oak  {Q,  alba  L.), 
and  Bass  wood  {Tilia  Americana  L.).  The  trunks  of  some  of 
these  trees  have  a  diameter  of  from  eighteen  inches  to  two  and 
one-half  feet  A  few  decayed  stumps  of  the  original  forest  still 
remain.     These  average  four  feet  in  diameter. 

Mound  No.  8. — After  the  exploration  of  four  other  mounds, 
three  lying  northward,  the  fourth  northwestward  of  Mound 
Na  2,  which  contributed  no  additional  facts  of  particular  value, 
other  than  their  identity  of  origin  with  the  rest  of  the  group, 
attention  was  next  directed  to  Mound  No.  3,  which  proved  to 
be  the  most  interesting  of  the  entire  series.  This  mound  is 
situated  three-quarters  of  a  mile  northeastward  of  Mound  No. 
1.  It  is  about  five  hundred  feet  in  length,  and  in  breadth 
varies  from  seventy  to  ninety  feet ;  while  its  height  above  the 
surface  of  Lake  Huron  is  twelve  feet,  or  not  more  than  five 
feet  above  the  general  level  of  the  surrounding  land.  In  gen- 
eral direction  it  coiTCsponds  to  the  other  mounds,  and  there  is 
little  in  its  appearance  to  suggest  its  chara'jter  or  call  the  atten- 
tion of  any  other  than  a  practised  eye. 

A  large  excavation  was  made  at  its  widest  part,  and  about  its 
center.  Within  two  feet  of  the  surface  the  bones  belonging  to 
a  single  body  were  unearthed,  but  in  so  tender  a  condition  from 
age  that  they  mostly  crumbled  to  pieces.  A  few  bones  of 
birds  and  fishes  were  found  with  them.  Some  of  the  decayed 
roots  of  an  oak  tree  stump,  ten  feet  to  the  westward  (and  which 
will  be  further  alluded  to),  had  grown  over  and  around  these 
bones.  The  excavation  was  deepened,  widened  and  carried 
farther  to  the  eastward,  opening  a  trench  to  the  depth  of  six 
feet,  but  only  small  fragments  of  human  bones  resulted.  The 
trench  was  then  opened  to  the  westward,  toward  the  stump  of 
the  oak.     When  at  the  depth  of  five  feet  we  came  to  a  skull 
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(No.  1,  Mound  8).  Some  of  the  bones  first  taken  out  overlay 
this,  and  decayed  roots  of  the  oak,  as  thick  as  a  man's  arm, 
stretched  above  it.  The  other  bones  belonging  to  the  body 
appear  dwarfish.  It  was  buried  with  the  head  to  the  east,  and 
the  legs  seem  to  have  been  drawn  up,  and  not  stretched  out  at 
full  length.  On  removing  these  remains,  we  found,  immedi- 
ately underneath,  a  third  body,  placed  so  closely  that  the  skull 
of  the  upper  rested  on  that  of  the  lower.  At  the  head  was  a 
large  quantity  of  the  bones  of  birds  and  fishes,  in  a  compact 
mass,  as  though  once  held  in  some  wrapping  or  vessel  which 
had  decayed.  These  were  pressed  against  the  skulls,  so  that  in 
some  cases  they  adhered  to  them,  and  are,  no  doubt,  the  re- 
mains of  the  food  placed  with  the  dead.  Such  of  the  bones  as 
could  be  removed  are  preserved,  but  a  great  portion  crumbled 
to  pieces.  This  body  was  buried  with  the  head  to  the  eastwanl. 
The  roots  of  the  oak  tree  had  penetrated  the  bones  in  many 
cases,  the  long  roots  presenting  some  interesting  examples  of 
this,  as  the  roots  in  their  natural  growth  had  first  filled,  then 
burst,  the  bones,  so  that  in  several  instances  the  parts  of  the 
bone  surrounded  the  now  decayed  root,  imbedded  m  it.     Such 

Sieces  as  held  together  are  forwarded.  This  tree,  which  evi- 
ently  belonged  to  the  second  growth  of  timber,  was,  I  think, 
a  scarlet  oak  {Quercus  cocanea  Wang.),  as  the  majority  of  the 
wood  covering  the  southern  half  of  the  mound  is  of  this  spe- 
cies, together  with  the  white  pine.  The  decayed  stump  was 
two  feet  in  diameter  at  the  base,  and  at  one  foot  above  the 
ground  divided  into  three  trunks  or  main  branches,  each  nine 
mches  in  diameter.  These  had  been  cut  down,  apparently, 
many  years  ago ;  and  as  between  the  first  and  two  subsequent 
burials  must  have  occurred,  in  all  probability,  some  lapse  of 
time,  and  the  oak  must  have  sprung  up,  reached  its  growth, 
been  cut  down,  and  its  stump  finally  have  decayed  long  after- 
ward, some  slight  idea  may  be  had  as  to  the  age  of  the  first 
burial 

The  trench  was  now  opened  to  the  oak  stump,  when,  from 
directly  beneath  it,  skull  No.  8  was  taken  out  with  the  accom- 

J)anying  bones.  Upon  this  skull  lay  a  plate  of  mica,  five  by 
bur  inches,  of  a  quadrilateral  shape,  the  corners  worn  offi  A 
pebble  of  water-worn  coral  rested  upon  the  mica,  as  if  to  keep 
it  in  placa  About  the  neck  of  the  deceased  a  necklace  of  re- 
markable construction  had  apparently  been  hung.  This  un- 
common ornament  was  composed  of  the  teeth  of  the  moose, 
finely  perforated  at  the  roots,  alternating  with  wrought  beads 
of  copper  of  diflferent  lengths,  and  the  perforated  bones  of  birds 
stained  a  fine  green  color,  the  stain,  in  the  few  pieces  preserved, 
being  wonderfully  fi-esL     Small  portions  of  the  cord  to  which 
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they  bad  been  attached  are  still  partially  preserved  and  remain 
in  the  apertures  of  the  copper  beads,  t  suppose  that  the  teeth 
alternated  with  the  copper  beads  and  the  stained  bones.  One 
copper  bead,  which  adheres  by  its  oxidation  to  the  perforated 
part  of  a  tooth,  sustains  this  conclusion.  A  rude  stone  axe, 
partially  polished,  lay  beside  these  remains.  All  indicated  that 
the  dead  nad  been  peculiarly  honored  in  his  burial,  and  that  he 
had  been,  perhaps,  a  noted  personaga 

Immediately  to  the  northward  of  this  body  another  was  taken 
out,  skull  No.  4,  with  the  remaining  bones.  These  were  under 
the  edge  of  the  oak  stump,  and,  as  well  as  the  remains  No.  8, 
were  surrounded  with  masses  of  roots.  Both  bodies  lay  nearly 
side  by  side,  and  at  the  same  vertical  plane,  five  feet  below  the 
surface.  As  in  the  other  cases,  the  bones  of  birds  and  fishes 
were  found  with  the  remains,  but  in  small  quantity. 

The  excavation  was  next  carried  southward,  through  the 
center  of  the  mound,  for  a  short  distance ;  but  no  relics  being 
met  with  other  than  a  few  fragments  of  broken  hammers  ana 
flint  chips,  it  was  next  opened  in  the  opposite  direction,  north- 
ward, thus  giving  it  the  form  of  an  irregular  Latin  cross. 
When  a  few  feet  to  the  northward  of  the  remains  last  taken 
out  (No.  4),  we  came  upon  skull  No.  5,  and  following  up  the 
indications,  recovered  such  of  the  remaining  bones  as  could  be 
preserved.  With  this  body  a  flint  arrowhead  and  some  other 
rude  stone  implements  were  found :  also  a  number  of  small 
shells,  the  species  of  which  I  have  not  determined,  but  which 
appear  to  have  been  used  for  some  special  purpose,  perhaps  as 
ornaments,  as  they  were  ground  smooth  at  tne  base.  About 
twelve  of  these  were  recovered,  but  there  must  have  been  many 
more  originally,  as  a  large  number  of  them  crumbled  to  dust, 
and  also  some  of  them  might  easily  have  been  overlooked.  A 
short  distance  westward  of  the  last  relics,  skull  No.  6  was  taken 
out  The  accompanying  bones,  as  in  the  cases  of  the  others, 
were  very  tender,  and  it  was  with  extreme  difficulty  that  any 
of  them  were  recovered.  The  tibiae  exhibited  the  compression 
previously  referred  to  in  a  marked  degree.  A  large  mass  of 
fish  bones  lay  in  front  of  this  body,  which,  like  the  previous 
remains  (skull  No.  5,  etc),  was  buried  placed  on  its  right  side 
with  the  head  toward  the  east,  and  the  limbs  drawn  up  closely 
to  the  chest  It  is  possible  that  they  may  have  been  buried  in 
a  sitting  or  crouchea  position,  and  have  afterward  fallen  over; 
but  I  think  they  were  buried  as  first  mentioned.  The  absence 
of  pottery  with  the  interments  in  this  mound  is  worthy  of  note, 
only  two  fragments  being  found  in  any  part  of  the  mound,  and 
these  apparently  accidentally  dropped. 

Isolated  excavations  in  different  places  throughout  tlie  ex- 
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tent  of  MouDcl  No.  8,  as  also  in  a  mound  sixty  feet  to  the  west 
of  it,  contributed  nothing  specially  entitled  to  record. 

Mounds  Nos.  4,  6,  etc — Moundf  No.  4  is  eight  hundred  ftot 
northeast  of  Mound  No.  8.  It  is  three  hundred  feet  long  bj^ 
from  thirty  to  fifty  feet  wide,  and  is  a  low  sandy  ridge  with  af 
series  of  nine  conical  elevations  running  along  its  length,  aid^: 
rising  two  or  three  feet  above  its  general  level,  they  having  i 
diameter  of  from  twenty- five  to  thirty  feet 

Mound  Na  5  is  fifty  feet  to  the  westward  of  Mound  Na  4^ 
and  is  of  a  conical  shape,  forty  feet  in  diameter,  and  nearij 
twelve  feet  above  the  level  of  Lake  Huron,  being  between  three 
and  four  feet  higher  than  No.  4.  Two  other  mounds  of  i 
smaller  size  but  similar  shape  lie  to  the  north  of  it 

From  Nos.  4  and  5  were  obtained  a  few  stone  implementi^ 
fragments  of  bones  and  pottery,  with  fiint  chips  and  the  usual 
boulder-hammers,  mostly  fractured.  Our  limited  time  pre- 
vented as  thorough  an  investigation  of  these  mounds  as  thdr 
appearance  certainly  warrants.  I  believe  the  removal  of  thoM 
conical  elevations  in  Mound  No.  4  would  be  rewarded  with  in- 
teresting discoveries. 

Other  mounds  to  the  northward  and  westward,  belonging  to 
the  series,  were  also  examined  to  the  extent  of  confirmipg 
their  claims  to  a  like  origin  with  those  more  thoroughly  ex- 
plored. A  mound  south  of  Mound  No.  1  (the  first  investigated) 
contributed  a  few  stone  implements,  which  are  forwarded.  The 
large  implement  appears  to  me  to  resemble  a  spade,  but  maj 
have  been  designed  for  some  other  use  than  tbat  apparentlj 
indicated. 

In  conclusion,  I  would  say  that  the  facts  observed  fully  prove 
this  extensive  group  of  mounds  a  rich  field  for  more  exhaustive 
research.  Ana  here  I  repeat  the  interesting  fact  that  all  the 
tibiae  unearthed  invariably  exhibited  the  compression  or  flatten- 
ing characterizing  platycnemic  men.  Unfortunately  the  bono 
generally  crumbling  to  pieces  prevented  satisfactory  measure- 
ments. But  sufficient  evidence  was  obtained  (in  connection 
with  my  discoveries  in  other  parts  of  Michigan)  to  establish  the 
point  that  this  race,  from  the  Detroit  River  to  the  St  Clair  and 
Lake  Huron,  was  marked  with  platycnemism  to  an  extreme 
hitherto  unobserved  in  any  other  part  of  tliis  country,  or  per- 
haps any  other  country  in  the  world.  I  cannot  but  believe, 
from  what  I  have  seen,  that  future  investigation  will  extend  the 
area  in  which  this  type  of  bone  is  predominant  to  the  entire 
region  of  the  Great  Lakes,  if  not  of  the  Great  West;  or,  in 
other  words,  that  at  least  our  northern  *'  mound-builders"  will 
be  found  to  have  possessed  this  trait  in  the  degree  and  to  the 
extent  denoted.  1  am  unable  to  say  whether  this  peculiarity 
prevails  in  our  modern  Indian  or  not 


E,  W.  Btlgard — Silt  Analyses  of  Soils  and  Subsoils,  9 

With  the  exception  of  the  rude  stone  hammers  and  the  sink- 
ers, the  number  of  perfect  stone  implements  seems  to  me  un- 
usually small  th''oughout  this  entire  series  of  mounds.  The 
question  arises  :  Had  this  people  the  habit  of  sometimes  break- 
ing the  stone  implements  cast  into  the  burial  mounds.  Or 
were  broken  ones  selected  for  this  purpose  as  being  of  little 
other  use  ? 


Art.   II. — Silt  Analyses  of  Mississippi  Soils  and  Subsoils;  by 
Eugene  W.  Hilgard,  State  Geologist  of  Mississippi. 

The  results  here  communicated  are  the  first-fruits  of  an  in- 
vestigation on  the  physical  constituents  of  soils  and  clays, 
undertaken  with  the  aid  of  the  "churn  elutriator'*  for  silt 
analysis,  described  in  another  paper.  While  far  from  being  as 
complete  or  satisfactory  as  I  could  desire,  there  is  much  that  is 
suggestive  of  the  direction  to  be  pursued  in  the  farther  prosecu- 
tion of  the  research,  and  of  the  importance  of  tlie  results  to  be 
attained.  The  necessary  interruption  of  the  work  on  my  part, 
for  some  time  to  come,  may  serve  as  an  additional  apology  for 
an  otherwise  somewhat  premature  publication. 

The  materials  of  which  the  silt  analyses  are  here  given  were 
chosen  as  typical  representatives  of  tlie  more  important  varie- 
ties of  soils  in  the  State  of  Mississippi.  For  reasons  repeatedly 
explained,  I  have,  in  most  cases,  preierred  to  deal  with  the  sub- 
soil instead  of  the  soil  itself,  whose  organic  ingredients  materi- 
ally interfere  with  the  operations  of  analysis,  as  well  as  with 
the  interpretation  of  the  results.  The  general  differences  be- 
tween the  soil  and  subsoil,  in  ordinary  cases,  are  well  under- 
stood; and  for  general  research  and  comparison,  the  Litter  is 
much  more  available.  I  have  nevertheless,  in  one  case,  anal- 
yzed the  soil  and  subsoil  (206  and  209  of  the  table)  for  com- 
parison ;  the  differences  falling,  as  will  be  seen,  just  where  they 
would  be  expected.  The  deficiency  in  the  summing  up  of  the 
"5o<7  ■'  arises  mainly,  of  course,  from  the  dissolution  and  loss  of 
vegetable  matter. 

As  a  standard  for  comparison  and  reference,  I  place  first  in 
the  table  a  very  pure,  highly  plastic  pipe-clay  ;  probably  as  free 
from  foreign  admixtures  as  a  sedimentary  clay  can  well  be,  the 
sediments  being  exclusively  white  quartz  grains,  sharp  and 
angular.  It  resembles  kaolin,  and  is  probably  directly  derived 
from  the  Carboniferous  fire-clays.* 

*  Miss.  Rep.,  I860,  p.  34  and  ft. 
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Of  the  "  Upland  "  soils  in  the  foregoing  table,  Noa  248,  206, 
209,  397,  219  and  178,  are  properly  of  the  **  Yellow  Loam  " 
age,  u  e.,  of  the  end  of  the  Drift  period  ;*  while  166  is  one  of 
the  two  chief  varieties  of  soils  occurring  in  the  "  Flat  Woods," 
a  level  area  bordering  on  the  Cretaceous,  and  mostly  character- 
ized by  the  occurrence  of  the  Lower  Tertiary  clays  near  the  sur- 
face. The  light  soil  (165)  occurs  in  irregular  strips  and  patches ; 
it  is  very  easily  tilled  at  all  times;  all  rain  water  is  promptly 
absorbed ;  but  it  is  too  **  open,"  droughty,  and  does  not  hold 
manure  at  alL 

No.  248  forms  a  stratum  three  feet  thick,  on  the  ridges  east  of 
Tallahoma  Creek,  Jasper  County,  Miss.  By  its  disintegration, 
it  forms  a  deep  and  extremely  sandy  soil,  which  is  injured  by 
high  winds  carrying  away  its  finer  parts.  It  has,  however, 
yielded  good  crops  of  com  and  cotton  for  fifteen  years  without 
manure,  though  liable  to  injury  from  drought — !Wos.  206  and 
209  are  typical  of  the  "  Pine  Hill  "  region  of  South  Mississippi, 
the  home  of  the  long-leaved  pine.  The  soil  is  very  "  light"  and 
easily  tilled,  but  not  neariy  as  "  open  "  as  the  preceding  two. 
It  is  materially  improved  by  the  aamixture  of  the  subsoil.  No. 
209 ;  which  enables  it  to  hold  manure,  being  what  would  be 
termed  a  *'  sandy  loam." 

Nos.  897  and  219  are  typical  of  the  cotton  uplands  of  West- 
em  Mississippi  and  Tennessee ;  219  being  of  the  firat  quality ; 
397  a  secona  rate  soil.  Their  prominent  characteristic  is  an 
excessive  and  most  distressing  proneness  to  denudation  or 
"  washing,"  in  consequence  of  a  want  of  perviousness,  together 
with  the  property  of  promptly  swelling  up,  on  contact  with 
water,  into  a  loosely  gelatinous  condition,  in  which  they  readily 
difl'use  in  water.  From  the  same  cause,  the  frequent  alterna- 
tions of  freezes  and  thaws  in  the  winters  of  their  latitude  of  occur- 
rence, are  even  more  disastrous,  and  cause  a  frequent  freezing- 
out  of  winter  grain,  that  at  first  sight  seems  very  surprising. 
The  effects  of  denudation  on  these  soils  are  but  too  obvious 
even  to  the  passer-by,  are  diflScult  to  check,  and  are  fast  assum- 
ing^the  proportions  of  a  public  calamity. 

These  soils  are  easily  tilled  when  in  the  proper  condition,  but 
if  ploughed  too  wet  are  severely  injured,  hard  clods  remaining 
throughout  the  season.  There  readily  forms  on  their  surface  a 
very  hard  crust  (they  "  bake  "),  so  that  the  surface  requires  stir- 
ring after  every  rain. 

No.  178  is  the  subsoil  of  the  Cretaceous  prairies  of  Northeastern 
Mississippi,  forming  a  stratum  three  to  seven  feet  thick,  overly- 
ing the  Cretaceous  rock.  Although,  in  the  wet  condition,  it  is 
accounted  a  "  heavy  clay  "  soil,  it  possesses  the  peculiarity  of 
'*  slaking  "  on  drying,  instead  of  forming  a  hard  crust — unless, 

*  Mi88.  Rep.,  I860,  p.  197. 
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iudeed,  the  dr^ng  process  be  exceedingly  slow.  It  is  not^ 
therefore,  as  difficult  to  cultivate  as  would  be  supposed  irooi 
the  sum  of  its  fine  ingredients.  Nor  is  it  nearly  as  much  sub- 
ject to  denudation  as  the  two  preceding  soils,  the  mass  formed 
oy  its  contact  with  water  being  too  tough  and  coherent  to  b« 
readily  moved  by  flowing  water.  But  being  verv  little  pe^ 
vious,  it  is  liable  to  injury  in  wet  seasons;  while  in  dry  oiie% 
the  cracks  formed  by  the  contraction  of  the  subsoil  prove  di8> 
astrous. 

No.  280  is  the  soil  prevalent  in  the  Flatwoods  (see  above),  and 
is  the  direct  result  of  the  disintegration  of  the  old  Tertiary  clayi 
It  is  a  very  heavy,  intractable  soil,  yielding  good  crops  only  in 
very  favorable  years,  as  it  is  exceedingly  liable  to  injury  botk 
from  wet  and  dry  seasons,  and  can  be  tilled  only  within  &  very 
limited  range  of  condition  as  to  moisture.  Water  will  stagnate 
on  it  for  weeks,  and  a  late,  wet  spring  will,  sometimes,  altogether 

Srevent  the  pitching  of  crops.     But  it  is  not  at  all  liable  to 
enudation. 

No.  246  is  likewise  the  direct  result  of  the  disintegration  of 
(highly  ferruginous)  Tertiary  clays.  Notwithstanding  its  high 
percentage  of  "  clay,"  it  is  more  easily  tilled  than  the  preceding 
one,  although  acquiring  a  stony  hardness  when  dried  slowly. 
The  fact  that  among  its  40*25  per  cent  of  **  clay  "  there  are  ID'S 
of  ferric  oxide,  and  that  it  contains  '8  per  cent  of  lime,  explain! 
both  its  easier  tillage  and  greater  thrifliness,  as  compared  with 
the  preceding.  It  is  a  pretty  "  safe  "  soil,  and  quite  productive; 
not  at  all  subject  to  denudation. 

No.  196  is  the  extreme  of  a  clav  soil,  so  as  to  be  almost  unfit 
for  tillage,  and  directly  available  ror  the  potter's  latlia  It  bean^ 
nevertheless,  a  pretty  good  growth  of  timber,  chiefly  pine.  ItB 
popular  name  is  derived  from  the  peculiar  aspect  assumed  by 
its  surface,  when  after  a  drought  which  has  caused  fissures  (as 
much  as  an  inch  wide)  to  be  formed,  a  rain  causes  the  edges 
first  to  crumble  oflF  into  the  open  cracks,  and  then  swell ;  which, 
with  the  subsequent  swelling  of  the  mass  itself,  compels  it  to 
bulge  up.  The  result  is  a  hillocky  surface,  which  is  popularly 
likened  to  "  hog  wallows."  The  soil  is,  at  present,  practically 
wortliless. 

The  next,  No.  390,  is  very  similar  in  its  (ostensible)  physical 
composition  to  the  preceding.  Yet  while  the  '*  hog-wallow  "  soil 
is  among  the  most  worthless  of  the  soils  of  Mississippi,  this, 
the  celebrated  **  buckshot "  soil  of  the  Mississippi  bottom,  is 
among  the  most  valuabla  True,  the  chemical  composition  of 
the  buckshot  soil  is  oreatly  superior  to  that  of  the  other  yet 
it  could  not  rank  as  highly  as  it  does,  as  a  cotton  soil  especially, 
but  for  the  fact  that  (in  common  with  the  prairie  soil,  178, 
above  described)  it  possesses   the  property  of  crumbling  or 
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'  slaking "  by  rapid  drying ;  so  that,  even  when  it  has  been 
sloughed  too  wet,  on  drying  each  clod  resolves  itself  into  a  pile 
)f  loose  crumbs,  which  nave  given  rise  to  the  popular  name  of 
^buckshot"  Notwithstanding  its  clayey ness,  it  is  therefore  a 
rery  "  safe  *'  soil,  and  highly  esteemed  for  its  thriftiness. 

Alongside  of  this  soil,  wnich  represents  the  cypress  swamp 
deposits  of  the  '*  Port  Hudson  "  epoch  of  the  Champlain  period 
of  depression,  I  give  the  competition  of  the  ^^  Loess  ^'  of  the 
Lower  Mississippi ;  a  deposit  evidently  formed  in  a  shallow, 
broad  fresh-water  estuary  possessing  a  slight  flow,  during  the 
time  of  more  rapid  depression  of  this  portion  of  the  continent 
It  forms  a  soil  very  easily  tilled,  somewhat  too  open  and 
droughty,  but  fairly  productive,  and  practically  exempt  from 
denudation.* 

It  is  interesting  to  compare  this  ancient  deposit  with  those 
BOW  formed,  under  somewnat  analogous  circumstances,  by  the 
sluggish  "  bayous"  traversing  the  bottom  of  the  great  river. 
Compare  No.  287  with  877,  a  '*  Frontland"  soil  from  a  planta- 
tion on  Indian  bayou  in  Sunflower  County,  and  we  find  the 
physical  constituents  almost  identical  No.  895  is  from  a  point 
near  the  main  river,  on  Gov.  Alcorn's  plantation  in  Coahoma 
County ;  it  has  evidently  been  deposited  by  a  more  rapid  cur- 
rent, as  it  contains  more  of  the  coarser  ingredients,  to  which 
there  adhered  a  suflSciency  of  clay  to  render  the  soil  retentive, 
though  so  porous  that  water  will  not  stand  on  it  for  a  moment 
It  is  very  easily  tilled,  and  from  its  great  depth  is  very  produc- 
tive. 

I  subjoin,  for  farther  comparison,  the  analysis  of  a  specimen 
of  river  deposit,  taken  in  tne  shallow  water  of  the  Southwest 
Pass  of  the  Mississippi  River,  three  miles  below  the  Head  of  the 
Passes,  at  extreme  low  water.  Here,  again,  the  sediments  of 
I,  2,  4"*"  form  the  prominent  landmarks,  as  in  the  two  other 
river  deposit  soils ;  m  which  the  clay  and  finest  silts  seem  to  be 
the  chief  variables. 

Havnig  thus  established,  presumably,  the  normal  composi- 
tion of  the  river  alluvium  proper,  I  add,  for  farther  comparison, 
the  analysis  of  material  from  a  stratified  mudlurap  cone,  which 
Rreatly  resembles  in  aspect  the  river  deposit.  The  point  to  be 
determined  is  whether  this  cone  represents  an  upheaved  mass 
of  river  deposit,  or  the  mud  ejected  from  a  mudlump  crater  f 
—an  eruption  cone.  The  result  seems  to  point  to  the  latter  as 
the  more  probable  origin  of  the  mass,  as  it  presents  but  little 
similarity  to  the  recognized  river  deposits,  in  the  proportions  of 
its  sediments. 

^  Miss.  Rep.,  I860,  p.  314. 

f  See  my  paper  on  the  Geology  of  the  Delta,  and  the  Hudlumps  of  the  Passes 
of  the  Mississippi,  Am.  Jour.  Sd.,  April,  May  and  June,  1871. 
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In  discussing  the  results  of  these  analyses,  I  first  recall  to 
mind  the  practical  object  primarily  intended  to  be  subserved 
by  them,  viz:  to  convey  to  any  intelligent  mind,  anywhere  in 
the  world,  a  definite  idea  of  the  physical  qualities  of  the  soil ; 
of  its  tillability,  so  to  speak ;  of  its  behavior  in  wet  and  dry 
seasons  ;  its  liability  to  washing,  eta  If  the  data  given  in  the 
table  do  not  at  present  convey  such  definite  knowledge  to  the 
minds  of  this  audience,  it  is  because  the  molecular  properties 
of  the  several  sediments  are  not  yet  fully  known,  nor  generally 
understood.  But  there  can  be  little  difficulty  in  the  empirical 
determination  of  these  factors,  once  for  all,  so  far  as  they  refer 
to  the  pulverulent  minerals,  whose  physical  properties  are  sen- 
sibly dependent  upon  the  size  of  tne  particles  alone ;  the  dif- 
ferences of  specific  gravity,  etc.,  being  ordinarily  too  slight  to 
influence  materially  their  modifying*  influence  upon  the  clay, 
or  upon  each  other.  To  this  rule  mica  and  bog  ore  form,  prob- 
ably, the  only  practicalljr  important  exceptions. 

As  regards  the  modifying  effect  upon  the  extreme  plastic 

Sroperties  of  the  clay,  the  pulverulent  ingredients  obviously 
ivide  into  two  chief  classes,  viz : 

1.  The  coarse  portion,  which  increases  the  "  lightness''  and 
porosity  of  the  soil,  sensibly  in  proportion  to  its  percentage 

2.  The  fine  portion,  whicn,  while  modifying  the  plastic  prop- 
erties of  the  clay,  yet  renders  the  soil  heavier  in  tillage  than 
would  be  the  case  if  it  were  absent,  and  the  clay  adherent  to 
the  coarse  particles  alone. 

Soils  consisting  mainly  of  very  fine  siliceous  silt,  with  only  a 
small  percentage  of  clay,  are  among  the  very  heaviest,  work- 
ing **like  putty,"  clogging  the  plougn  when  in  the  least  degree 
too  wet,  and  in  drying,  caking  into  clods  of  **hardpan." 

Such  being  the  case,  it  would  seem  that  between  the  coarse 
part  which  lightens  soils,  and  the  fine  silts  which,  like  clay, 
render  them  heavier,  there  must  be  a  neutral  point — a  degree 
of  fineness  which  will  not  sensibly  influence  eitner  the  porosity 
or  the  compactness  of  the  soil  Odd  as  this  conclusion  appears, 
it  seems  nevertheless  to  be  borne  out  by  experience. 

In  fingering  the  coarser  silts,  it  at  once  becomes  obvious  that 
nothing  above  1"*"  hydr.  value  can  tend  to  render  a  soil 
heavier;  while  it  is  equally  manifest  that  the  impalpable  par- 
ticles belonging  to  the  velocity  of  0*26°*™  cannot  tend  to  lighten. 
In  searching  tentatively,  by  the  summation  of  groups  of  phys- 
ical ingredients,  for  numbers  that  would  satismctorily  express 
the  estimated  relative  resistances  to  tillage  of  the  soil  analyzed, 
I  found  that  such  numbers  would  result  from  a  summation  of 
the  three  items  lowest  in  the  column,  viz:  the  silts  of  0*25, 
<0'25,  and  clay.  These  are  given  under  the  head  of  "  Com- 
pactness" or  *'  resistance  to  Tiuaga" 
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Similarly,  numbers  satisfactorily  expressing  the  relative 
**  Openness"  result  from  the  summation  of  the  coarser  ingredi- 
ents, down  to  1"^  inclusive.  These  numbers  are  given  oppo- 
site to  the  heading  "  Porosity." 

But  either  series  becomes  c^uite  unsatisfactory,  so  soon  as  the 
silt  corresponding  to  0*5™™  is  added  either  way;  except,  of 
course,  where  its  percentage  is  too  small  to  influence  either 
sum  very  seriously. 

Of  course  these  can  only  be  approximations,  it  being  espe- 
cially obvious  that  sand  ot  64  ana  82™"  must  exert  a  much 
greater  influence  toward  rendering  a  soil  '^  open,"  than  silts  of 
1  or  2™" ;  which  are,  nevertheless,  accounted  for  as  equal  in 
eflFect,  in  the  above  summation.  Yet  even  here  there  are 
counterbalancing  considerations,  which  in  a  measure  explain 
the  comparatively  close  approximation  to  the  result  of  experi- 
ence. Chief  amongst  these  is,  doubtless,  the  circumstance  that 
the  finer  materials,  when  damp  and  stirred  up  (as  they  are  in 
the  cultivated  soil),  will  occupy  a  much  greater  bulk  than 
equal  weights  of  coarse  sand ;  being  in  what  is  technically 
termed  a  "woolly"  condition  of  looseness.  It  is  therefore 
quite  intelligible  that,  within  certain  limits,  "coarse  silt" 
snould  exert  a  "  lightening"  influence  equal  to  that  of  "  coarse 
sand,"  which  is  apt  to  P^ok  quite  closely. 

It  may  be  asked.  What  would  be  the  character  of  a  soil 
consisting  exclusively  of  the  silt  of  O'S"*"  claimed  to  be  sen- 
sibly neutral  in  its  effect  on  the  compactness  and  porosity  of 
soils?  I  reply  that,  judging  from  the  small  quantities  of 
material  at  my  command,  sucn  soil  would  offer  an  extremely 
slight  resistance  to  tillage,  and  that  such  resistance  would  be 
increased  by  the  addition  of  either  clay  or  sand,  in  proportion 
to  the  amounts  added. 

The  case,  however,  can  hardly  occur  in  nature.  The  diffi- 
culties encountered  in  separating  the  several  materials  in  accord- 
ance with  their  hydraulic  values,  even  by  the  aid  of  apparatus 
especially  constructed  for  the  purpose,  forcibly  suggests  that  it 
is  scarcely  possible  that  such  conditions  should  ever  be  realized 
in  nature :  the  tendency  to  coalescence  of  particles  necessarily 
causing  all  sedimentary  deposits  to  consist  of  molecular  aggre- 
gates (at  least  so  far  as  the  finer  portions  are  concerned),  instead 
of  simple  granules.  These  aggregates  will  rarely,  if  ever,  con- 
sist of  part  cles  of  equal  hydraulic  value,  the  natural  tendency 
being  for  small  particles  to  fill  up  the  interstices  left  between 
larger  ones,  whicn  cannot  attain  close  contact  between  them- 
selves alone.*    Moreover,  in  view  of  this  inevitable  formation 

*  There  is  a  sensible  difference,  in  this  respect,  between  materials  much  rounded 
and  water-worn,  and  those  whose  grrains  are  still  "  sharp."  The  latter  are  much 
more  difficult  to  separate  in  the  (£um  elutriator,  and  re-coalesce  most  pertina- 
dooalj. 
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of  aggregates,  the  molecular  properties  of  a  clay  or  subsoil 
will  never  correspond  exactly  to  the  mean  resulting  fix)m  a 
mere  consideration  of  the  molecular  coeflBcients  of  each  one, 
multiplied  into  its  percentage.  How  far  this  difi'erence  extends, 
is  a  question  involving  a  previous  investigation  of  those  coeflS- 
cients. 

Among  the  latter,  that  of  absorption  of  aqueous  vapor  is  of 
no  mean  importance,  since  it  determines,  in  a  great  measure,  the 
resistance  of  the  soil  to  drought.  As  heretofore  stated,*  I  find 
that  at  temperatures  between  4-7°  and  4-21®,  the  amount  of 
aqueous  vapor  absorbed  by  a  thin  layer  of  a  clay,  or  soil  not 
unusually  rix:h  in  humus^  in  a  saturated  atmosphere,  is  sensibly 
constant ;  the  variations  being  within  the  limits  of  errors  of 
observation,  and  indiscriminately  either  way.  A  glance  at  the 
data  given  in  the  table,  opposite  the  heading  "hygroscopic 
moisture,"  shows  that  while  m  general,  as  is  well  known,  clay 
soils  are  more  absorbent  than  sandy  ones,  yet  there  exists  no 
direct  numencal  relation  between  the  amount  of  clay  present 
and  the  absorbing  power.  Not  only  is  that  of  the  typical 
white  pipe-clay  (No.  288)  scarcely  greater  than  that  of  an  ordi- 
nary loam  subsoil  (Nos.  897  and  219),  but  it  is  not  half  as 
great  as  that  of  the  clay  soil  246  (with  40  per  cent  of  **  clay"), 
which  in  its  turn  has  a  higher  absorptive  coefficient  than  196 
(with  47  per  cent  of  clay).  Finally,  280,  with  26 '5  per  cent 
of  clay,  is  more  than  equal  in  hygroscopic  power  to  the  pipe- 
clay  with  76  per  cent 

Evidently,  the  hygroscopic  coefficient  is  largely  controlled 
by  the  presence,  with  the  clay,  of  the  powdery  ingredients 
which  determine  its  looseness  of  texture,  so  to  speak ;  more- 
over, the  finer  silts  themselves  possess  a  considerable  absorbing 
power.  Again,  the  presence  of  hydrated  ferric  oxide  materially 
influences  this  power;  so  much  so  that  no  general  conclusion 
concerning  the  hygroscopic  effect  of  **  clay  can  be  reached, 
unless  the  amount  of  iron  present  be  taken  into  account  I 
am  unable,  as  yet,  to  furnish  this  datum  for  all  the  soils  on  the 
table,  save  as  regards,  for  most  of  them,  the  percentage  in  the 
original  substance.  That  the  hydro-ferric  oxide  accumulates 
mainly  in  the  '*clay"  obtained  in  silt  analysis,  I  have  already 
stated  ;  and  hence  the  percentages  given  at  the  bottom  of  the 
table  may  measurably  serve  to  form  an  estimate  of  its  influ- 
ence on  the  hygroscopic  properties.  In  some  cases,  however,  the 
ferric  oxide  obtained  in  analysis  was  almost  altogether  present 
in  the  shape  of  bog-ore  grains;  these  are  placed  in  parentheses, 
it  being  obvious  that  the  **  white"  soils,  to  which  these  deter- 
minations belong,  do  not  contain  exceeding  ()'6  per  cent  of 
the  oxide  in  the  finely-divided,  hygroscopically  effective  con- 

*  Proc  Am.  Assoa  Adv.  Sdenoe,  Dubuque  meeting,  1872,  pi  73. 
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dition.  In  tbe  coarse  sftodj  soil  248,  the  inm  mainlj  incnists 
the  sand  grains ;  and  in  No&  165,  206  and  390,  the  presence  of 
humus,  in  sensible  quantities,  influences  the  coefficient,  in 
the  rest|  the  amount  of  humus  is  insignificant,  and  the  influ- 
ence of  the  finely  divided  hjdra-ferric  oxide  is  especially  notice- 
able when  we  compare  Nos.  209  and  397  with  each  other ;  and 
also  Nos.  230  and  196  with  246.  The  clay  obtained  in  the  silt 
analysis  of  Na  219  contains,  according  to  Mr.  Loughridges 
determination,*  18'76  per  cent  of  fmic  oxide,  as  compared 
with  6*60  in  the  original  substance ;  its  absorptive  coefficient 
was  20*0,  as  compared  with  7*21  in  the  originaL  How  much 
of  this  increase  of  hvgroscopic  power  was  due  to  the  concen- 
tration of  the  clay  alone,  we  can  at  present  but  conjecture ; 
but  if  we  may  judge  by  the  absorptive  power  of  the  pipe-clay 
238,  the  increase  must  be  hirgely  attributed  to  the  hyaro-ferric 
oxide. 

The  influence  of  '*  humus"  on  the  hygroscopic  power  is 
known  to  be  very  great ;  so  also  is  that  of  the  soils  porosity 
and  resistance  to  tillage.  Unfortunately,  the  very  indefinite 
character  of  '^  humus''  renders  it  extremely  difficult  to  deter- 
mine quantitatively  its  action,  and  take  it  into  account 

The  questions  remaining  to  be  determined  in  connection 
with  this  whole  subject  are  so  numerous,  and  so  little  explored 
as  yet,  that  their  full  elucidation  might  well  form  the  work  of 
a  lifetime. 


Abt.  m. — On  the  DistrihiUion  of  Soil  Ingredients  among  the 
^ditnents  obtained  in  SiU  Analysis ;  by  R.  H.  Loughridge, 
Assistant  State  Geologist  of  Mississippi. 

In  connection  with  the  separation  of  soils  into  sediments  of 
definite  hydraulic  value,  as  accomplished  by  Dr.  Hilgard*s  churn 
elutriator,  an  interesting  question  arises  as  to  the  chemical  com- 
position of  the  sediments  obtained. 

It  is  evident  fi-om  his  results  that,  in  the  soils  treated,  all  of 
the  important  soil  ingredients  are  contained  in  the  finer  sedi- 
ments, there  being  visibly  nothing  but  quartz  sand  of  different 
diameters  remaining  in  the  coarser  ones. 

Does  then  the  ''clay  "  contain  them  all,  or  are  they  more  or 
less  distributed  among  the  several  proximate  sediments? 

In  the  investigation  of  this  question,  use  was  made  of  the 
same  yellow  loam  upland  subsoil,  from  Benton  Co.,  Misa,  that 
formed  the  subject  of  my  experiments  on  "  Strength  of  Acid 
and  Time  of  Digestion."    Great  care  was  taken  to  obtain  a. 

*  See  the  Buoceeding  paper. 

Ajc  Joub.  Sot.— Thibd  Sbbibs,  Vol.  VIL  No.  87.— Jaw.,  1874. 

2 


18        R.  H.  Lougkndgft — Dtair^utwn  of  SoU  Ingredienlt. 

complete  and  pure  sedimentation,  distilled  water  being  use 
and  the  atialjses  were  made,  according  to  our  usual  metbi 
after  five  days'  digestion  in  acid  of  strength  ril5. 

In  the  following  table  of  results  the  percentages  ore  girt 
first  with  reference  to  the  absolute  amount  of  each  sedime 
itself;  then  with  reference  to  the  entire  amount  of  soil  tab 
for  elutriation.  In  the  last  column  a  summation  is  made 
each  ingredient  for  comparison  with  a  previous  analjsis  of  i 
soil,  which  is  placed  alongside. 
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It  appears  from  these  analyses  that  the  "  clay  "  is  by  far  tl 
richest  in  mineral  ingredients,  the  amount  being  more  thi 
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twice  that  of  the  others  combined.  Its  insoluble  residue  is  very 
small,  while  the  soluble  portion  consists  largely  of  free  silica 
derived  from  hydrous  silicates  of  the  bases. 

Its  volatile  matter  (which  includes  hygroscopic  moisture  left 
after  drying  at  100°  C,  and  water  of  hydration)  is  of  course 
the  largest ;  as  are  also  the  remaiain^  ingredients,  except  lime. 
The  large  amount  of  soda,  however,  is  due  to  the  chloride  used 
in  the  precipitation  of  the  diffu.=ed  clay. 

In  tne  other  sediments,  the  soluble  ingredipnts,  except  soda 
and  lime,  decrease  in  almost  a  geometrical  ratio ;  there  being 
also  a  corresponding  increase  of  sand. 

There  are  several  interesting  points  in  connection  with  this 
ratio  of  decrease  which  may  be  summed  up  as  follows. 

1.  The  iron  and  alumina  exist  in  almost  identical  relative 
proportions  in  each  sediment;  making  it  probable  that  they 
are  in  some  way  definitely  correlated 

2.  Potash  and  magnesia  also  exist  in  almost  the  same  quan- 
tities, and  their  ratio  to  each  other  in  all  the  sediments  being 
almost  constant  seems  to  indicate  that  they  occur  combined, 
perhaps  in  some  zeolitic  silicate,  which  may  be  a  source  of 
supply  to  ptanta 

3.  Manganese  exists  only  in  the  clay,  a  mere  trace  being 
Found  in  the  next  sediment. 

4  The  lime  appears  to  be  "  nowhere,"  having  probably  been 
largely  dissolved,  in  the  shape  of  carbonate,  by  the  large  quan- 
tity of  water  used  in  elutnation.  Its  increase  in  the  coarser 
portions  may  be  owing  to  its  existence  in  the  crystallized  form, 
not  so  readily  soIubl& 

In  a  general  summation  of  the  ingredients  in  the  several  sed- 
iments and  comparison  with  the  analysis  of  the  soil  per  se,  there 
is  a  loss  in  potash,  magnesia  and  lime:  which  may  reasonably 
be  supposed  to  have  been  dissolved  by  the  water  of  elutriation. 

Some  of  the  soluble  silica  clearly  remains  undetermined  in 
the  coarser  sediments. 

The  differences  in  ferric  oxide  and  alumina,  shown  through- 
out the  analyses  of  this  soil,  may  partly  be  accounted  for  by  the 
unequal  distribution  of  the  particles  of  iron  ore  existing  in  the 
soiL 

Of  course  the  law  of  distribution  of  soil  ingredients  may 
differ  in  other  soils ;  but  the  great  distance  from  the  point  of 
derivation  of  the  materials,  and  the  wide  distribution  of  the 
soils  of  which  this  is  a  type,  probably  render  the  above  results 
of  more  than  local  applicaoility. 
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Art.  TV. — On  the  Influence  of  Strength  of  Add  and  Time  of  Di- 
gestion in  Hie  Eoctraction  of  ISoils;  by  R  H.  LouGHBlDQE,  ol 
Oxford,  Miss. 

The  following  investigation  was  undertaken  with  a  view  of 
determining  the  extent  to  which  the  variations  likely  to  occur 
in  the  extraction  of  soils  by  hydrochloric  acid,  for  the  purpose 
of  analysis,  can  influence  the  ultimate  results ;  the  special  object 
being  to  ascertain  the  comparability  of  the  analyses  made  in 
connection  with  the  Agricultural  Survey  of  Mississippi,  both 
amongst  themselves,  and  with  those  made  by  similar  methods, 
by  Dr.  Peter,  of  soils  collected  by  the  Surveys  of  Kentucky 
and  Arkansas. 

In  beginning  the  analyses  of  Mississippi  soils  in  1869,  Dr. 
Hilgard  adopted  the  following  method,  wnich  has  also  been  ad- 
hered to  by  his  successors  in  this  work,  in  over  two  hundred 
analyses  made. 

The  soil  {i,  «.,  "  fine  earth")  is  pulverized  with  a  wooden  pestle 
and  thoroughly  mixed.  The  hygroscopic  moisture  is  aeter- 
mined,  after  exposing  it  in  a  space  saturated  with  vapor,  in  a 
layer  not  exceeding  l"*"*  in  thickness,  for  twelve  hours,  by  dry- 
ing at  200°  C.  in  a  paraffine  bath.  Of  this  dried  substance  from 
two  to  three  crams  are  usually  used  in  the  general  analysis,  the 
methods  employed  being  in  general  those  adopted  by  Dr.  Peter.* 
In  another  portion,  after  ignition,  the  phospnoric  acid  is  deter- 
mined by  digestion  for  five  days  with  nitric  acid  at  100°  C, 
evaporation,  precipitation  by  ammonium  molybdate,  digestion 
at  100°,  solution  in  ammonia  and  precipitation  by  magnesium 
sulphate. 

For  general  analysis  the  soil  is  digested  in  hydrochloric  acid 
of  strength  1-115  (as  a  rule)  at  100°.  It  is  then  evaporated  to 
complete  dryness,  this  adding  another  day  to  the  digestion. 

In  the  insoluble  residue  the  soluble  silica  is  determined  by 
boiling  with  sodic  carbonate.  The  alumina  and  ferric  oxide 
are  precipitated  according  to  Rose's  method  of  boiling,  for  the 
complete  separation  of  manganese,  magnesium  and  calcium. 
The  mixed  precipitate  is  treated  with  potassic  hydrate. 

After  precipitation  of  the  lime  by  ammonic  oxalate,  the  am- 
moniacal  salts  are  destroyed  by  Lawrence  Smith's  method,  with 
aqua  re^a ;  and  the  residue  converted  into  nitrates,  from  which 
sulphuric  acid  is  precipitated  by  barium  nitrate.  The  alkalies 
are  then  separated  by  treatment  with  oxalic  acid,  ignition  and 
washing.  In  the  residue,  barium,  manganese  and  magnesium 
are  separated  as  usual. 

*  Kj.  Beport»  toL  iiL 
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With  the  aid  of  a  Bunsen's  filtering  apparatus  we  can,  by 
this  method,  complete  an  analysis  in  five  days,  exclusive  of 
digestion ;  and  three  aDalyses  may  be  in  progress  at  the  same 
time. 

The  substance  experimented  upon  was  a  subsoil,  a  typical 
representative  of  the  best  yellow  loam  uplands  of  Mississippi, 
from  the  table  lands  of  Benton  Co.,  Miaa  ;  No,  219  of  the  Sur- 
vey-Collection.* 

To  determine  the  question  as  to  whether  such  variations  in 
the  strength  of  the  acid,  aa  might  possibly  have  occurred  in  the 
use  of  the  steam-distilled  (i.  e.,  from  a  retort  surrounded  by 
steam)  product,  without  previously  ascertaining  its  concentra- 
tion, portionsof  the  subsoil  were  digested  five  days  with  hydro- 
chloric acid  of  the  strength,  Beverally,  of  1100,  1'116  (the  nor- 
mal concentration)  and  1'160. 

As  to  the  time  during  which  the  soil  must  be  digested  in 
hydrochloric  acid  that  the  (sensible)  limit  of  its  solvent  action 
upon  the  important  soil  ingredients  may  be  reached,  Dr.  Peter's 
practice  has  been  to  digest  for  about  ten  days,  in  his  800  anal- 
yses of  Kentucky  and  Arkansas  soils ;  while  for  reasons  of 
convenience,  half  that  time  has  been  adopted  in  the  analyses  of 
the  Mississippi  Survey.  The  question  whether,  under  these 
circumstances,  the  two  series  can  be  deemed  comparable,  was 
approached  by  digestions,  for  periods  of  one,  three,  four,  five 
and  ten  days,  of  the  same  soil  with  the  same  large  excess  of  acid 
of  1'115 :  all  precautions  being  taken  to  accomplish  each  anal- 
ysis as  nearly  as  possible  under  the  same  circumstances. 

For  the  digestions,  use  was  made  of  porcelain  beakers  (the 
use  of  glass  being  objectionable  because  of  its  solubility) ;  the 
same  amounts  (40™"')  of  acid  were  used,  and  steam  kept  up 
about  twelve  hours  each  day. 

The  hour  of  "  putting  down  "  was  carefully  noted,  and  at  the 
end  of  the  allotted  time  the  solution  was  poured  off  from  the 
insoluble  residue,  and  each  evaporated  to  dryness  separately 
and  reunited  in  solution,  to  prevent  any  further  action  of  the 
acid. 

This  result  points  to  the  conclusion,  that  while  lime  and  mag- 
nesia (being  readily  dissolved)  are  probably  present  chiefly  as 
carbonates  or  hydrocarbonates,  potash  as  well  as  alumina,  and 
to  some  extent  lime,  are  present  as  silicates,  and  for  that  reason 
are  not  as  fully  extracted  by  acid  of  low  strength  as  by  that  of 
1-115;  although  the  former  acts  more  powerfully  than  that  of 
1160 

The  latter  fact  (the  coincident  result  of  two  analyses),  though 
unlocked  for,  is  not  without  analogies,  although  its  precise 

leighboriog  tract  is  ^rea  in  Hilgsrd'a  Be- 
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cause,  in  this  case,  still  requires  elucidation.  Whether  the 
maximum  of  action  is  exerted  by  acid  of  1*116,  is  another 
question  of  some  interest,  to  be  determined  hereafter. 

The  results  of  the  investigation  as  to  strength  of  acid  are  as 
shown  in  the  following  table : 


Ingredients. 


Insoluble  Residue,. 

Soluble  Silica, 

Potash, 

Soda, 

Lime, 

Magnesia, 

Br.  Ox.  Mang^ese, 

Ferric  Oxide, 

Alumina, 

Sulphunc  Acid,  ... 
VolatUe  Matter,... 


Amt  of  Soluble  Matter, 
Amt  of  Soluble  Bases,. 


Sp. 

.  Gr.  of  Add. 

1-10 

1116 

1^160 

71-88 

7053 

74^16 

11-38 

12-30 

9-42 

•60 

•63 

•48 

•13 

•09 

•36 

•27 

•27 

•23 

•45 

•45 

•45 

•06 

•06 

•06 

616 

611 

604 

6^84 

8^09 

6^22 

•02 

•02 

•02 

314 

314 

314 

10002 

100^69 

99^29 

24-00 

27^02 

22-27 

13-60 

14-70 

12-83 

It  thus  appears  that  in  the  strongest  acid  the  amount  of  insol- 
uble residue  is  far  greater  than  in  either  of  the  others,  and  that 
the  difference  lies  chiefly  in  the  soluble  silica  and  alumina  (i.  e., 
clay),  together  with  potash  and  lime.  The  other  ingredients 
seem  to  be  indifferent  as  to  the  strength  of  the  acid. 

Between  the  acids  of  strength  1*10  and  1116  the  difference 
is  not  so  great,  but  the  advantage  is  clearly  with  the  latter,  the 
amounts  of  silica,  potash  and  alumina  being  greater,  while  the 
lime  remains  the  same  in  both. 

As  for  the  comparability  of  the  analyses  as  affected  by  tlie 
probable  variations  of  strength  of  acid,  I  remark  that  the  acid 
used  for  distillation  by  Dr.  Peter,  as  Dr.  Hilgard  informs  me, 
was  the  "C.  P."  of  commerce,  whose  strength  rarely  much 
exceeds  or  falls  below  that  of  1'115 ;  while  that  used  by  ua 
was  usually  the  crude,  diluted  nearly  to  the  same  strength. 
The  first  and  last  portions  coming  over  were  habitually,  I 
believe,  rejected  in  either  laboratory.  Under  these  circum- 
stances, it  is  very  improbable  that  either  of  the  extremes  of 
sp.  gr.  above  discussw  ever  actually  occurred ;  especially  as 
reganls  the  stronger  acid,  which  being  in  small  quantity, 
would  always  be  mixed  with  the  succeeding  weaker  distillates. 

It  is  therefore  not  probable  that  the  percentage  of  potash  or 
other  important  ingredients  could  have  been  so  far  underesti- 
mater]  in  either  of  the  series  of  analyses,  as  to  seriously  influ- 
ence their  comparability,  either  within  themselves,  or  with  each 
other. 
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experiments  on  the  influence  of  the  time  of  digestion, 
i^ith  acid  of  1*115,  resulted  as  follows : — 


jigredientB. 

No.  of  Days  Digested. 

1. 

3. 

4. 

5. 

10. 

le  residue, 

SUica, 

76-97 

8-60 

•35 

-06 

•26 

•42 

-04 

4-77 

515 

-02 
314 

72-66 

11-18 

-44 

•06 

•29 

•       44 

•06 

5^01 

7^38 

•02 
314 

71-86 

11-64 

•67 

•03 

•28 

•47 

•06 

5-43 

707 

•02 
3^14 

70-63 

12-30 

•63 

-09 

•27 

-45 

•06 

5-11 

7-88 

•21 

•02 

314 

71-79 

10-94 

-62 

-28 

•27 

•44 

•06 

4-85 

7-16 

-21 

-02 

3-14 

• 

UL 

maDganeee, 

»xide. . .. 

a, . . 

oric  acid, 

-ic  acid, . 

i  matter, 

tal, 

99-63 
19-67 
1105 

10068 
24^88 
13-68 

100-55 
25-57 
13-91 

100-69 
27-02 
14-49 

99-80 
24-87 
13-68 

i  of  toluble  matter. 
"        "       bases, 

lus  appears,  that  the  amount  of  dissolved  ingredients  in- 
J  UD  to  the  6fth  day,  the  increase  becoming,  however,  very 
s  ttat  limit  is  approached.  It  is  also  found  that  the  in- 
nts  offering  the  greatest  resistance  to  this  action  are  the 
as  those  whose  amounts  were  sensibly  affected  by  the 
th  of  acid,  viz.,  silica,  potash  and  alumina.* 
^ard  to  lime  and  magnesia,  one  day's  digestion  not  being 
3nt  for  full  extraction,  it  is  evident  that  they  do  not  exist 
soil  as  carbonates  or  hydric  oxides  only,  as  has  been  sup- 
;  but  also  as  silicates. 

omparison  of  the  results  of  the  five  and  ten  day  diges- 
ihows  that  the  solvent  action  of  the  acid  has  substantially 
^  there  being  no  further  increase  of  the  amount  of  dis- 

matter. 
ar,  therefore,  as  the  time  of  digestion  is  concerned,  the 
es  of  the  Mississippi  Survey  are  strictly  comparable  with 
of  Arkansas  and  Kentucky  soils,  made  by  Dr.  Peter. 


:t.  V. — On  a  new  form  of  CaVietometer ;  by  William 

Grunow. 

:  cathetomoter  consists  essentially  of  a  graduated  vertical 
1  which  slides  a  block  supporting  a  leveling  telescope, 
lock  is  commonly  divided  into  two  distinct  pieces,  both 

re  is  an  apparent  loss  of  alumina  in  the  four  dajR*  digestion,  owing  to 
of  a  second  separation  from  iron,  whose  quantity  is  correspondingly  in- 
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slidiog  on  the  rod  and  placed  over  each  other,  one  o 
being  provided  with  a  clamp,  and  connected  with  its  ma 
micrometer  screw  and  spring,  or  by  the  former  alone. 

This  form  of  fine  adjustment  seems  to  have  been  c 
from  that  employed  in  the  earlier  compound  microscop 
though  its  manifest  defects  have  long  since  caused  its 
with  these  instruments,  it  is  still  ordinarily  employed 
construction  of  cathetometers.* 

I  have  recently  constructed,  for  the  Physical  Cab 
Columbia  College,  a  cathelometer,  in  which,  by  the  use 
other  arrangemeot,  great 
ness  and  accuracy  of  mo' 
are  attained,  in  combinatit 
simplicity. 

Upon  a  graduated,  v 
triangular  brass  bar,  si 
tingle  block,  which  earri 
telescope  and  the  micrc 
arrangement  for  the  fine 
ment  On  one  of  the  sides 
block,  which  is  fastened  i 
tion  by  a  thumbscrew,  i? 
tailed  the  slide  B,  which 
provided  with  adjusting  : 
can  be  made  to  move  s 
ji:^    J   .        I      .^  and  accurately.     The  slid 

f       0  ^"^     -^  moved  up  and  down  the 

[L     .V-T— ^=1-^  A  by  the  micrometer  sc 

' — I 1 — '  which  is  mounted  in  such 

that  its  motion  cannot  in 
with  the  steadiness  of  the 
ment  of  the  slide  B  :  it  can  also  be  adjusted  so  that  it 
without  dead  motion. 

Each  turn  of  the  screw  corresponds  with  one  division 
graduated  bar  on  which  the  bloctc  A  slides.  The  slide  B 
an  arm  with  an  index  v,  which  moves  in  an  opening  0,  ( 
in  the  side  of  the  block  A  corresponding  to  the  gradual 
the  bar.  The  screw  carries  a  movable  head,  divided  ii 
hundred  parts,  and  by  means  of  its  index,  fractions  of  a 
the  screw  or  rather  fraction  of  one  division  on  the  bar, 
read  o£F  easily  and  accurately.  Tlie  leveling  tclesc 
screwed  on  the  top  of  the  slide  B. 

*  Oompare  Ls^onii  de  PhTsique,  par  If.  P.  Desains,  vol.  i,  p.  12  ;  Dl 
anf  OniDdlage der  Erfahrumg,  von  Dr.  Alb.  Mousson.  2d  ed.,  vol.  i,  p.  t.^;  ! 
derPVaik  iind  Ueteorologie,  tod  Dr.  Joh.  Uuller,  tith  ed.,  vol.  ii,  p.  TiiiS ;  ] 
dw  BnwrioieDiBl  Physik,  von  Dr.  A.  Wiiloer,  vol.  i.  p.  4H ;  Coura  de  Phvg 
If.  J.  Stmin,  2d  ed.,  vol.  i,  p.  36;  Elementary  Treatise  on  Natural  Ph 
American  ed.,  p.  130,  by  A.  P.  DeBcbaael ;  and  Allgemeine  Encjklopa 
PhTVik,  1  Band,  p.  548. 
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The  screw  which  I  used  for  this  instrument  had  a  millimeter 
Aread,  and  its  head  being  divided  into  a  hundred  parts,  gave 
hundredths  of  a  millimeter. 

In  testing  the  instrument  with  the  higher  power,  I  felt  grati- 
fied that  measurements  could  actually  be  made  to  the  hun- 
dredth part  of  a  millimeter,  and  confirmed  by  repetition. 

To  make  the  instrument  more  generally  useful,  the  objective 
of  the  telescope  is  provided  with  a  draw-tube  which  adds  four 
inches  to  its  length,  and  permits  observations  to  be  taken  at  as 
short  a  distance  as  three  or  four  feet     In  addition,  it  is  pro- 
Tided  with  a  brass  cap,  which  can  be  slipped  over  the  mounting 
of  the  objective,  and  which  carries  a  supplementary  centered 
tehromatic  lens,  which  })ermits  the  instrument  to  be  approached 
to  within  a  distance  of  six  inches  from  the  object     W  uen  thus 
irranged  it  enlarges  the  actual  dimensions  of  objects  about  forty 
diameters,  but  even  with  this  rather  high  power,  the  smooth- 
DBBd  and  steadiness  of  the  micrometric  movement  seems  in  no 
degree  impaired. 

Gdmnbift  GoDege,  Kot.  4th,  1873. 


Art.  VI  — Notes  on  the  Oeohgy  of  Western  Texas,  near  the  thirty- 
tecond  parallel;  by  Walter  P.  Jenney,  E.M.,  Geologist 
Texas  and  Pacific  Railroad  Survey  in  West  Texas. 

I  On  the  occurrence  of  a  remarkable  Lower  Silurian  Section  in  the 

Organ  Mountains, 

While  examining  the  mountains  about  two  miles  north  of 
H  Paso,  Texas,  which  are  a  continuation  of  the  Organ  range 
southward  from  Solidad  Pass,  I  was  surprised  to  find  a  great 
development  of  the  Paleozoic  rocks,  with  the  divisions  between 
the  strata  of  the  different  periods  very  distinctly  marked,  and 
ewsh  bed  filled  with  an  abundance  of  well-preserved  specimens 
of  its  characteristic  foesila 
The  strata  dip  at  an  angle  of  about  20**  to  the  west,  toward 
\  the  valley  of  the  Rio  Grande  ;  and  the  upturned  edges  of  the 
\  different  beds  form  the  eastern  slope  of  the  range,  where,  begin- 
\  ning  at  the  foot  hills  at  the  base  of  the  mountain,  the  section  is 
'     as  follows : 

^  A.  A  coarsely  crystallized  red -feldspar  granite,  which  extends 
I  along  the  whole  length  of  the  eastern  base  of  the  range,  and 
;  where  exposed  has  a  thickness  of  100  feet  or  more. 
\  B  Gray  quartzite,  resting  unconformably  on  the  granite: 
1  the  lower  portion  of  this  stratum  is  hard  and  compact,  and  con- 
taios  some  chlorite  slate,  but  it  merges  as  one  ascends  into  a 
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calcareous  sandstone  full  of  the  borings  in  pairs  of  the  Scolithus 
linearis  of  the  Potsdam  sandstone.  The  total  thickness  of  this 
bed  is  about  250  feet. 

C.  Gray  crystalline  limestone,  nearly  250  feet  in  thickness, 
resting  conformably  on  the  sandstone :  in  the  lower  part  of  the 
bed  no  fossils  were  found,  but  in  the  upper  layers  one  or  two 
species  allied  to  Archasocyaihus  are  abundant,  which  indicate  its 
equivalence  with  the  Calciferous  sandrock.  A  few  feet  of  sand- 
stone weathering  dark  red  separates  this  bed  from  the  next  in 
the  series. 

D.  Gray  magnesian  limestone,  about  450  feet  in  thickness, 
and  containing  much  flint  or  homstone ;  its  characteristic  fos- 
sils are  a  Beceptaculite,  and  shells  allied  to  Orthoceras  and 
HelicotomcL  On  more  extended  examination,  this  bed  may  be 
identified  as  Chazy. 

E.  A  black  limestone,  nearly  100  feet  in  thickness,  forming 
the  crest  of  the  range :  it  rests  conformably  on  bed  D,  and  the 
contact  is  very  distinctly  marked.  The  black  limestone  is  filled 
with  well  known  fossils  of  the  Trenton  period,  including  Maclu- 
rea  magna^  species  of  Orthis^  Orthoceras^  Oyrtoceras,  ana  corals 
allied  to  Halysites  and  Syringopora. 

Passing  over  the  top  of  the  mountain  and  descending  on  the 
western  slope,  the  next  stratum  in  the  series  encountered  rests 
on  the  Trenton  limestone ;  but  it  contains  forms  of  life  which 
are  totally  different  though  no  less  abundant 

F.  Gray  limestone,  which  has  been  very  much  denuded,  yet 
not  less  than  200  feet  in  thickness  remains ;  in  the  lower  part 
of  the  bed  Halysites  gracilis^  species  of  Syringopora^  Zaphren- 
tis  and  several  other  corals,  together  with  Rhynchonella  incrd)es' 
cens  were  found,  and  in  the  upper  part  many  varieties  of  Bra- 
chiopods,  among  which  were  iHrophomena  rugosa,  species  of 
LepUena  and  several  of  Orthis,  which  identify  it  with  the  Hud- 
son period. 

G.  A  coarse  conglomerate,  composed  of  rounded  and  angular 
fragments  of  the  Trenton  and  Hudson  limestones  cemented 
together  by  carbonate  of  lime  and  sand  :  it  is  of  varying  thick- 
ness, being  in  some  places  60  feet  thick  and  in  others  entirely 
wanting  in  the  series.  It  rests  unconformably  on  both  the 
Trenton  and  Hudson  beds,  and  seems  to  contain  no  fossils ;  but 
from  its  position  it  may  possibly  be  equivalent  to  the  Oneida 
conglomerate  of  New  York. 

H.  A  ridge  of  light  gray  crystalline  limestone  extends  along 
the  western  base,  parallel  to  the  crest  of  the  range,  and  rests 
unconformably  on  the  conglomerate  and  the  Trenton  and  Hud- 
son beds :  its  thickness  is  about  400  feet,  and  the  dip  is  only  10° 
to  the  west  These  facts  show  that  it  was  deposited  alter  a 
partial  uplifting  of  the  underlying  beds,  and  that  subsequently 
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the  range  has  attained  its  present  elevation.  Owing  to  the  crys- 
talline character  of  the  limestone,  nearly  all  traces  of  life  are 
destroyed;  but  a  few  fragments  of  impenect  shells  resembling  a 
Pentameras  were  found  near  the  contact  with  the  conglomerate, 
so  that  the  lower  portion  of  this  bed  may  be  of  Niagara  age : 
but  the  resemblance  of  the  limestone  of  the  upper  part  of  this 
rid2e  to  that  of  Carboniferous  age  in  the  parallel  range  of  the 
Hueco  Mountains  leads  me  to  think  that,  on  a  more  extensive 
examination,  it  will  be  found  to  be  equivalent  to  it 

Dr.  6.  G.  Shumard  seems  to  have  examined  this  same  range, 
but  at  a  point  farther  north.  He  mentions  the  occurrence  of  a 
limestone  of  Trenton  and  Hudson  age  succeeded  by  the  Car- 
boniferous.    (Dana,  Manual  of  Geology,  p.  245.) 

About  two  miles  west  of  this  locality,  on  the  banks  of  the  Rio 
Grande,  are  very  interesting  beds  of  Cretaceous  age,  through 
which  the  river  has  cut  its  present  channel  These  beds  have 
been  described  in  the  reports  of  the  survey  of  the  Mexican 
Boundary. 

In  the  parallel  range  of  the  Hueco  Mountains,  20  miles  east 
of  El  Paso,  the  section  is  similar  but  less  distinctly  defined  : 
the  dip  of  the  strata  is  to  the  east,  so  that  the  upturned  edges  of 
the  beds  in  the  two  ranges  face  each  other. 

A  limestone  of  Carboniferous  age  forms  the  crest  of  the 
Hueco  range,  and  rests  on  a  magnesian  limestone  containing 
many  fossils  of  the  Ortliis  family,  resembling  Hudson  or  Niagara 
forms  ;  but,  though  a  careful  search  was  made  at  the  contact  of 
the  Silurian  and  Carboniferous  limestones  in  the  Organ,  Hueco 
and  Guadaloupe  Mountains,  no  strata  containing  any  Devonian 
forms  of  life  were  found.  It  appears,  therefore,  that  the  greater 
portion  of  the  Upper  Silurian  and  the  whole  of  the  Devonian 
periods  are  unrepresented  in  the  rocks  of  Western  Texaa 

An  immense  development  of  Carboniferous  strata  occurs  in 
the  Sacramento  and  Guadaloupe  Mountains,  between  the  P^cos 
and  Rio  Grande;  at  Guadaloupe  Pass,  about  80o  feet  of  sand- 
stone underlie  a  precipice  nearly  fiOO  feet  high  of  Carboniferous 
limestone,  above  which  the  peaks  of  the  mountain  rise  to  per- 
haps an  equal  height 

At  the  banks  of  Los  Cornudos,  seventy  miles  east  of  El  Paso, 
a  water-worn  mass  of  syenite,  covering  nearly  a  square  mile  of 
area,  rises  from  the  plains  to  a  height  of  several  hundred  feet : 
resting  against  its  base  is  a  limestone  of  Carboniferous  age,  con- 
taining several  species  of  Prodnctiis  ;  the  limestone  has  filled 
crevices  a  foot  in  width  in  the  syenite,  in  which  several  small 
spiral  shells,  species  of  Pfcwro^miaria  and  Helicotoma  were  found. 
As  there  are  no  indications  of  limestone  having  ever  been  de- 
posited except  near  the  base  of  the  Cornudos,  a  portion  of  this  j 
rock  may  have  been  above  water  in  the  Carboniferous  sea.  w 
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n.   77i«  Llano  JEstacado^  or  Staked  Plains. 

A  great  deal  has  been  written  about  this  desert,  which 
stretches  north  and  south  nearly  860  miles,  and,  from  the  head 
waters  of  the  Rio  Colorado  and  its  branches  westward,  from  50 
to  150  miles,  to  the  Rio  P&os.  Its  underlying  strata  were  an- 
nounced to  be  Triassic  and  Jurassic  by  Jules  Marcou,  but  are 
now  well  known  to  be  of  Cretaceous  age.  A  fine  section  of  the 
Llano  is  exposed  at  Castle  Cafion,  near  Horsehead  Crossing  of 
theP&os:  the  strata,  beginning  at  the  base,  are  arranged  as 
follows : 

1.  A  coarse  red  sandstone  without  fossils,  but  probably  of 
Triassic  age,  50  feet  exposed. 

2.  Soft  calcareous  bi*own  sandstone,  with  fragments  of  fossil 
shells :  this  bed  is  50  feet  in  thickness  and  probably  of  Creta- 
ceous age. 

3.  Soft  yellow  limestone,  450  feet  in  thickness,  containing  an 
abundance  of  well  known  Cretaceous  fossils,  including  Oryphea 
Pitcheri^  Exogyra  Texana^  E,  Artetina^  Arcopagm  Texaua^  Ammo- 
nites  Pedernalis^  and  several  species  of  Ckirdium^  Nerinasa  and 
Pecten. 

4.  Compact  yellow  limestone.  80  or  more  feet  in  thickness, 
wanting  at  Castle  Cafion,  but  forming  the  tops  of  the  highest 
hills  on  the  Llano,  and  also  found  on  the  tops  of  the  mountains 
in  Jones  County. 

The  characteristic  fossil  of  this  bed  is  the  Caprina  crassifibra^ 
which  is  very  abundant ;  the  bed  is,  I  think,  equivalent  to  the 
"  Caprina  limestone'*  of  Shuraard,  and  is  the  most  recent  mem- 
ber of  the  Cretaceous  in  Western  Texas.  The  Cretaceous  beds 
on  the  banks  of  the  Rio  Grande,  at  El  Paso,  contain  fossils 
identical  with  those  from  bed  8.  Similar  sections  to  that  of  the 
Llano  were  found  at  Fort  Chadbourne,  in  the  neighboring 
mountains,  which  were  identical  both  in  the  arrangement  of  the 
strata  and  in  the  fossils  from  the  different  beds. 

In  Mason  County,  underneath  the  limestone  and  red  sandstone, 
there  is  a  metamorphic  sandstone  resting  unconformably  on 
micaceous  gneiss.  The  hardness  of  the  upper  layers  of  limestone 
has  greatly  protected  this  formation  from  denudation,  and  given 
the  *^mesa^  character  to  the  hills,  as  the  bedding  is  almost 
horizontal ;  but  there  can  be  no  doubt  that  formerly  this  for- 
mation was  much  more  extensive,  and  that  the  flat-topped  hills 
and  ranges  of  low  mountains  which  are  found  east  of  the  plains, 
almost  as  far  as  Austin,  were  islands  in  the  sea  which  produced 
the  denudation,  their  tops  showing  no  evidence  of  having  ever 
been  submerged,  and  in  some  places  wave-worn  cavities  extend 
at  the  same  height  along  their  sides. 
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Art.  Vll. — On  the  Formation  of  the  Lignite  Beds  of  the  Rocky 

Mountain  region ;  by  L.  LssQUEBEUX. 

From  a  report  which  is  apparently  reliable,  but  which  I  have 
not  seen  in  print  yet,  a  prominent  geologist  has  advanced  the 
opinion  that  the  so-called  lignite  beds  of  the  Rocky  Mountains 
have  been  fonned  bj  the  heaping  of  drifted  materiala  This 
opinion,  says  my  informant,  is  sustained  by  the  following 
facts: 

1st  That  the  lignite  beds  are  of  too  small  extent,  or  cover 
too  limited  areas,  to  have  been  formed  otherwise  than  by 
the  heaping  of  materials  carried  into  small  basins. 

2d.  That  the  under  clays  of  the  lignite  beds  have  no  roots. 

I  do  not  wish,  of  course,  to  review  the  old  hypothesis  on  the 
formation  of  coal  and  lignite,  as  exposed  in  a  masterly  manner 
and  sustained  by  BischoflF ;  but  only  to  answer  the  two  above 
objectiona 

1st  It  is  evident,  from  all  that  has  been  ascertained  of  the 
lignitic  basin  of  Clear  and  Boulder  Creeks,  by  Hayden,  Hod^e 
and  myself,  that  this  productive  lignite  basin  extends  from  the 
South  Platte  to  Cheyenne,  a  distance  in  a  direct  line  of  more 
than  one  hundred  miles.  The  width  of  this  basin  is  not  ascer- 
tained ;  but  lignite  beds  have  been  found  in  borings  thirty  miles 
east  of  the  mountains,  or  those  of  Golden  and  Boulder  City.  As 
yet,  it  is  not  positively  known  whether  a  continuous  oed  of 
lignite  occupies  the  whole  area ;  for  this  basin  has  from  eight  to 
sixteen  beds  in  its  whole  thickness.  This,  however,  I  have  seen 
thisye^r.  The  main  coal  of  Golden  is  continued  south  to  Clear 
Creek,  and  has  been  tested  all  along  for  a  distance  of  nine  miles ; 
and  northward  the  same  bed  is  recognized  continuously  for 
seventeen  miles  to  north  of  Boulder  Creek,  where  it  is  covered 
by  conglomerate  beds.  This  is  extensive  enough,  I  think,  for  a 
bed  of  lignite  measuring  generally  from  eight  to  fourteen  feet  in 
thickness.  The  lignite  beds  have  been  cut  through  by  pro- 
digious denudations.  They  have  also  been  destroyed  at  many 
places,  either  partially  or  entirely,  by  combustion.  The  coun- 
try around  Black  Butte,  and  from  this  place  to  Green  River, 
is  covered  by  hills,  often  composed  of  baked  red  shale  or  sand- 
stone, etc.,  all  changed  by  heat  or  by  the  combustion  of 
beds  of  lignite.  Local  occurrences  of  this  kind  have  consider- 
ably and  locally  reduced  in  extent  the  area  of  strata  of  com- 
bustible materials,  and  broken  their  continuity.  The  large  or 
thick  main  coal  of  Black  Butte  has  been  destroyed  in  this  way 
on  its  eastern  side ;  and  here  its  shale  and  sandstone  are  meta- 
morphic,  or  as  hard  as  steel,  while  on  the  other  side,  where  the 
coal  has  been  preserved,  they  have  their  natural  softer  composi- 
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tion.  But  even  if  the  lignite  beds  were  proved  to  be  of  little 
horizontal  extent,  this  would  be  no  objection  against  the  sup- 
position of  their  origin  as  peat  deposits.  The  emerged  peat 
formations  are  generally  of  this  kind.  It  is  indeed  the  general 
case  that  peat  bogs  now  cover  hollows  of  limited  areas  rather 
than  wide  surfeces.  T»ie  peat  bogs  formed  in  water  along  the 
shores  of  lakes  or  near  tne  mouths  of  great  rivers,  are  only 
occasionally  of  wide  extent  The  deep  peat  bogs  of  Germany, 
Denmark  and  Scandinavia,  where  wood  is  found  heaped  by 
the  growth  of  successive  forests  to  the  depth  of  seventy  to  one 
hundred  feet,  are  mostly  deposits  covermg  from  one  to  ten 
acres  of  ground. 

2d.  1  can  say,  from  repeated  and  personal  observations,  that 
most  of  the  lignite  beds  of  the  west  which  have  passed  under 
my  examination  have  the  under  clays  full  of  rootlets  or  of  roots 
of  the  floating  plants  which  were  the  first,  generally  at  least,  to 
contribute  to  the  formation  of  the  bed  of  combustible  material 
bv  their  debris.  At  the  Baton  Mountains,  at  Cafion  City,  at 
Gfehrung's  near  Colorado,  at  Golden,  Marshall,  Black  Butte, 
etc.,  the  coal  is  everywhere  underlaid  by  chocolate -colored 
shale,  often  a  compound  of  these  roots  or  rootlets,  so  compact 
indeed  that  they  cannot  be  determined,  nor  their  forms  dis- 
tinctly r&ognized.  I  have  for  this  reason  collected  many  spe- 
cimens for  microscopical  examination.  Of  course,  the  under- 
shales  do  not  contain  any  roots  (true  roots  of  trees) ;  the  coal 
of  the  Carboniferous,  too,  never  has  any ;  for  the  good  reason 
that  trees  do  not  grow  in  water,  and  that  they  only  invade 
peat  bogs  when  the  ground  is  solid  enough  to  support  them. 
And  even  then  the  roots  grow  horizontally,  and  do  not  de- 
scend deep  into  the  matter,  which,  generally  impregnated 
by  water,  is  to  a  degree  inaccessible  to  atmospheric  influence. 
The  so-called  roots  of  the  clay  beds  of  the  Carboniferous 
measures,  or  the  Stigmaria,  are  not  roots  but  floating  leaves. 
And  even  their  cylindrical  stems  are  rarely  found  in  clay  beds : 
only  their  leaves  fill  them,  just  as  the  radicles  of  water  plants 
fill  the  clay  of  the  Tertiary  lignita  It  is,  however,  a  fact  that 
some  of  tne  lignite  clay  beds,  and  those  of  the  Coal-measures 
too,  are  clean  or  without  admixture  of  vegetable  remains,  even 
of  rootlets.  But,  when  the  peat  is  beginning  its  growtli  at  the 
surface  of  a  somewhat  deep  basin  of  water,  whose  bottom  has 
been  rendered  impermeable  by  the  deposit  of  clay  (which  always 
precedes  the  deposit  of  woody  materials),  this  surface  peat  is 
often  thick  and  compact  before  it  is  forced  down  and  comes 
in  contact  with  the  clay  ;  and  in  that  case,  therefore,  the  clay 
is  pure  or  is  not  penetrated  by  roots  or  rootlets. 

The  theory  of  formation  by  drifted  matter  cannot  give  an 
explanation  of  this  fact:   that   the  bottom  clay  is  perfectly 
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distinct  from  the  coal  or  lignite  matter,  at  the  point  of  its 
surface  where  it  is  touched  or  overlaid  by  coal  or  lignite. 
There  is  no  insensible  transition  from  bottom  clay  to  coal. 
Bischoff,  as  is  well  known,  explained  the  diflTerences  in  coal 
(pure  as  it  is,  indicating  only  a  propoition  of  ashes  equal 
to  that  of  the  wood)  by  supposing  tnat  after  being  drifted 
into  a  comparatively  quiet  basin  of  water,  the  heaviest  parti- 
cles of  matter,  sand  and  mud,  had  been  first  washed  down  to 
the  bottom,  and  that  the  woody  fiber,  rather  lighter,  had  been 
deposited  afterward.  In  this  case,  the  heaping  of  the  matter 
would,  of  necessity,  show  a  gradual  transition  in  ascending, 
still  higher  up,  from  clay  beds  to  clay  and  woody  filaments 
mixed  together,  these  successively  becoming  less  impure.  The 
heaviest  coal  should,  therefore,  always  be  at  the  bottom,  the  pure 
woody  matter  at  the  top.  Who  has  seen  in  our  lignite  beds  or 
coal  beds  anything  like  this?  But  of  this  hypothesis  it  is  use- 
less to  speak  further.  It  is  set  aside  by  facts  and  considerations 
a  review  of  which  would  fill  a  volume. 

There  are  of  course  some  beds  of  impure  lignite,  whose  origin 
is  due  to  drifted  wood,  especially  along  large  rivera  One  is 
known  at  the  mouth  of  tne  Bhone  in  France.  I  have  seen 
some  deposits  of  the  kind  in  southeastern  Arkansas,  near  the 
Washita  Eiver.  The  great  Red  River  obstructions  may  be- 
come in  time  lignite  deposits.  But  all  formations  of  this  kind 
show  their  origin  by  their  composition  :  sand  mixed  with  car- 
bonized matter,  sandy  bottom,  perforated  too  in  various  direc- 
tions by  drifted  stems,  etc.  Nothing  of  this  kind  has  been  ob- 
served in  the  beds  of  lignite  of  the  west,  at  least  not  in  those 
which  have  come  under  my  examination. 

Columbus,  Ohio,  Nov.  16,  1873. 


Art.  Vm. — On  remains  of  Land  Plants  in  the  Lower  Silurian  ; 

by  Leo.  Lesquereux. 

From  a  recent  discovery,  it  now  seems  that  traces  of  land 
vegetation  exist  in  the  Lower  Silurian  strata  of  this  country. 
A  few  months  ago,  I  received  from  Rev.  H.  Herzer*  two  speci- 
mens representing  branches  or  small  stems  of  a  species  referable 
to  Sigillaria^  and  reported  to  have  been  found  by  Dr.  S.  S.  Sco- 
ville  on  Longstreet  Creek,  near  Lebanon,  Ohio,  in  clay  beds 
positively  referable  to  the  Cincinnati  group  of  the  Lower  Silu- 
rian.    The  discovery  of  the  remains  of  land  plants  in  this  for- 

*  Well  known  through  the  discoverj  of  some  remarkable  animal  and  vegetable 
remaina  in  the  Devonian  of  Ohio. 
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mation  is  too  remarkable  a  fact  to  be  accepted  without  positive 
evidenca  Being  at  that  time  about  to  take  the  field  for  geo- 
logical explorations,  I  merely  took  a  sketch  of  the  specimens 
and  returned  them  to  the  owner,  purposing  to  examine  more 
closely  into  the  matter  at  a  future  time,  either  by  going  to  Le- 
banon or  by  corresponding  with  Dr.  Scoville.  On  my  return, 
as  Bev.  Mr.  Herzer  had  parted  with  the  specimens,  I  sent  to  Dr. 
Scoville  a  sketch  of  the  lossil  under  consideration,  in  order  that 
he  might  recognize  it,  if  it  had  been  in  his  hands,  and  with  the 
request  to  positively  state  whether  he  himself  found  the  speci- 
mens, and  when,  and  whether  he  had  any  more  of  the  same 
kind.  In  his  answer  he  writes :  ''  I  can  say  now  most  empha- 
tically, that  I  found  in  Longstreet  Creek,  about  six  miles  east  of 
Lebanon,  a  fossil  which  resembles  the  sketch  accompanying 
your  letter  in  all  the  essential  features.  The  specimen  was,  I 
think,  in  two  pieces,  or  perhaps  Mr.  Herzer  took  only  one  pieca 
I  know  within  a  rod  or  two  where  it  was  found.  Its  position 
or  horizon,  in  the  Lebanon  beds,  was  about  the  middla  Should 
any  one  question  the  accuracy  of  my  statement  in  regard  to  the 
discovery  of  a  specimen  of  this  character,  in  the  locality  desig- 
nated, I  would  refer  them  to  Mr.  S.  R  0*Neall  of  this  place, 
who  has  paid  much  attention  to  geology,  and  who  will  support 
my  assertion,  so  far,  at  least,  as  to  say :  that  I  have  described 
to  him  several  times,  and  even  but  a  few  days  since,  the  speci- 
mens under  consideration." — In  a  postscript  to  this  letter,  Mr. 
O'Neall  confirms  the  statement  in  regard  to  the  specimens  in 
question. 

There  can  be  therefore  no  doubt  as  to  the  locality  where  these 
vegetable  remains  have  been  found,  or  the  geological  age  of  the 
strata.  The  clays  of  the  Lebanon  beds  are  full  of  Trilobites  of 
the  same  species  that  abound  in  the  clay  beds  at  the  base  of  the 
Cincinnati  group — Calymene  senaria.  The  only  Question  to  be 
settled  is  the  true  character  of  the  plant  which  the  specimens 
represent 

As  I  have  said  above,  there  were  two  fragments  of  small  stems 
or  branches,  referable  to  the  same  kind  of  vegetable ;  one,  more 
complete,  about  two  inches  thick,  cylindrical,  the  whole  sub- 
stance transformed  into  soft  gray  clay,  the  bark,  or  the  outer 
surface  only,  distinctly  moulded  into  clay,  as  is  generally  the 
case  in  specimens  of  this  kind,  and  marked  by  rhomboidal, 
continuous,  enlarged  bolsters,  surrounding  the  stem  in  a  spiral, 
bearing  at  the  middle  a  small  oval  or  rhomboidal  scar,  less  dis- 
tinct, however,  though  well  recognizable,  and  presenting  the 
characters  of  stems  of  Sigillaria  Serlii  Brgt  or  S,  Menardi  Brgt 
The  study  of  the  specimens,  as  far  as  I  was  able  to  do  it,  left  me 
undecidea  only  in  regard  to  their  positive  reference  to  the  one 
or  the  other  of  these  two  species,  on  account  of  the  somewhat 
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obscare  form  of  the  internal  scars.  Though  the  Cincinnati  group 
has  remains  of  Fucoids  of  large  size,  none  has,  as  yet,  been  found 
there  to  my  knowledge,  as  large  as  these  stems.  And  the 
peculiar  form  of  the  bolsters,  placed  in  spiral  around  the  stem,, 
similar  in  form,  equal  in  size,  regularly  convex,  preclude  the- 
supposition  that  the  remains  represent  some  new  kind  of  marine 

ElantSi  or  are  attributable  to  a  concretionary  structure.  We* 
ave  therefore  to  admit  them  as  representative  of  land  plants,, 
and  thus  to  reco^ize  the  existence  of  traces  of  land  vegetation 
in  the  Lower  Silurian,  the  lower  part  of  the  Cincinnati  group- 
being  the  equivalent  of  the  Trenton  group  of  New  York  * 

This  discovery  is  the  more  remarkable  since  we  have,  as  yet^ 
no  records  of  vegetable  remains  from  the  Silurian  of  North 
America,  except  fragments  of  stems  and  rhizomes  of  PsHophyton^ 
observed  by  Dawson  in  the  Gasp6  group  of  Canada.  On  these^ 
Dr.  Dawson  remarks :+  "  Accordingly,  it  is  in  Gasp^  that  as 
yet  we  have  the  only  link  of  connection  of  the  Brian  (Devonian) 
flora  with  that  of  the  Silurian  period.  In  the  marine  limestone 
of  Cape  Gasp^,  holding  shells  and  corals  of  Lower  Helderberg 
age,  along  with  some  indeterminable  plants,  probably  Fucoids, 
we  have,  as  already  stated,  fragmental  stems  and  distinct  rhi- 
zomes of  PsilophyUmy  some  of  them  showing  the  scalariform 
axis  well  preserved.  These  fragments  must  have  been  drifted 
from  the  land ;  and,  as  in  the  immediately  succeeding  Lower 
Devonian  beds,  Psilaphyton  is  associatea  with  PrototaxHes^ 
Arthrosiigma  and  Catamites^  but  is  the  most  abundant  of  the 
whole,  it  is  not  unlikely  that  in  the  Upper  Silurian  land,  it  was 
associated  with  plants  of  these  genera."  In  Europe  too,  the 
first  remains  of  land  plants  have  been  found  in  the  Lower  De* 
vonian,  and  as  yet  only  a  single  specimen  of  a  Sigillaria, 
described  by  Goppert  as  S,  Hausmannana^X  It  was  found  as 
early  as  1806,  by  Hausmann,  during  his  geological  exploration 
of  Scandinavia,  in  a  red  Devonian  quartzite  just  above  strata  of 
the  Upper  Silurian,  where  FavosUes  polymorpha  was  identified. 
Gopi^ert,  from  whom  these  details  are  quoted,  remarks  that,  on 
account  of  the  presence  of  this  species  of  Favosites^  Murchinson 
admitted  these  strata  to  be  Lower  Devonian. 
With  the  exception  of  the  Lebanon  specimen,  the  geological 

*  The  occurrence  of  vegetable  remains  in  clay  beds  abounding  in  remains  of  Tri> 
lobites  is  not  subject  to  objection.  The  Coal-measures  of  the  West  have  strata  of 
shale,  clay,  limestone,  even  sandstone,  where  animal  and  vegetable  remains  ar& 
found  together  in  abundance.  I  have  found  Trilobites  in  the  shale  overlaying 
coal  beds  at  Summit  Portage,  Pennsylvania,  with  Sigillaria,  Stigma/ria^  etc.,  and 
species  of  the  same  kind  of  animals,  with  plants  too,  in  sandy  clay  beds  of  the 
upper  Coal-measures  of  Indiana. 

f  Fossil  plants  of  the  Devonian  and  Upper  Silurian  formations  of  Canada,  Pam- 
phlet, 1871,  p.  78. 

1  Flora  der  Silurischen,  der  Devonishen,  etc.,  oder  des  sogenanten  Uebergangs- 
gebirges,  p.  543. 
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formations  of  the  United  States  have  not  aflforded  as  yet  any 
records  of  landplants  earlier  than  those  of  the  Lower  Devonian. 
In  Ohio  and  Kentucky,  vegetable  remains  of  this  kind  have 
been  found  at  diflferent  places,  mostly  in  concretions,  including 
trunks  or  fragments  of  wood  representing  species  of  Conifers  of 
the  section  of  the  Araucarice^  together  with  Lycopodiaceous 
plants;  Sfigmaria^  Sigillaria  and  Leptdodendron.  In  Pennsyl- 
vania, a  Leptdodendron,  L.  primoevum  Rogers,  and  a  Sigillaria 
have  been  obtained  fix)m  the  same  horizon.  These  fragments 
are  as  yet  rare,  and  have  not  been  satisfactorily  determined,  on 
account  of  the  imperfect  character  of  the  specimens,  mosdj 
petrified  pieces  of  wood,  whose  structure  is  studied  with  diffi- 
culty. It  is  certain,  however,  that  in  the  Middle  Devonian  we 
have  representatives  of  three  distinct  groups  of  vegetables :  the 
Cellular  Cryptogams,  in  a  quantity  of  marine  plants,  the  Vas- 
cular Cryptogams,  in  Lycopodiaceous  plants :  Lepidodendron^ 
Sigillaria,  etc.,  and  the  Phsenogamous  Gymnosperms,  in  the 
Conifers, 


Art.  IX. —  On  a  Combination  of  Silver  Chloride  wiih  Mercuric 
Iodide ;  by  M.  Carey  Lea,  Philadelphia. 

In  the  course  of  an  extended  examination  of  the  compounds 
formed  by  mercuric  iodide,  I  some  time  since  obtained  two 
-which  I  believed  to  be  new.  After  having  studied  their  pro- 
perties, 1  found  that  one  of  them,  a  compound  of  the  iodides  of 
silver  and  of  mercury,  had  previously  been  obtained  by  Meusel. 
I  shall  therefore  here  describe  only  the  compound  which  mer- 
curic iodide  forms  with  silver  chlorida 

If  to  a  portion  of  recently  precipitated  and  still  moist  silver 
chloride,  a  considerably  less  quantity  of  mercuric  iodide,  also 
freshly  precipitated  and  still  moist,  be  added,  we  shall  find  that, 
after  stirring  them  thoroughly  together,  the  scarlet  color  of  the 
mercuric  salt  is  still  plainly  visible  through  the  mass,  which  is 
of  a  bright  salmon  color.  By  standing  some  hours  or  a  day,  a 
remarkable  change  takes  place,  the  red  color  wholly  disappears 
and  the  powder  became  pure  lemon-yellow.  Before  this  cnange 
took  place,  the  separate  particles  of  the  mercuric  iodide  could 
be  plainly  distinguished  with  a  lens ;  after  it,  the  powder  be- 
comes perfectly  homogeneous.  Fresh  portions  of  mercuric 
iodide  added,  gradually  disappear  in  the  same  way,  until  an 
equivalent  quantity  has  been  used. 

A  better  plan,  however,  for  preparing  the  substance  consists  in 
adding  to  a  solution  of  a  weighea  quantity  of  potassic  iodide  an 
exactly  equivalent  quantity  of  mercuric  chloride,  and  then,  after 
thoroughly  agitating  and  allowing  the  precipitate  to  fall,  adding 
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an  equivalent  quantity  of  silver  nitrate,  also  in  solution.  The 
potassic  chloride  formed  by  the  first  reaction  is  exactly  suffi- 
cient to  throw  down  the  wnole  of  the  silver  as  chloride.  When 
the  silver  salt  is  added,  one  may  remark  three  precipitates  visi- 
ble in  the  liquid,  irregularlv  blended,  scarlet  mercuric  iodide, 
white  silver  chloride  and  the  yellow  substance  resulting  from 
their  combination.  The  precipitates  are  then  to  be  thoroughly 
stirred  together  to  promote  combination,  which,  however,  is 
not  complete  for  about  twenty-four  hours.  Meantime  the  mix- 
ture is  salmon  colored  from  the  presence  of  free  mercuric 
iodida 

Obtained  in  this  way,  the  substance  appears  as  a  heavy  yel- 
low powder,  wholly  free  from  any  trace  of  red,  and  rather  in- 
clining to  a  greenish  or  lemon-yellow.  This  color  it  always 
exhibits,  no  matter  how  prepared,  while  still  wet,  even  if  left 
for  weeks.  Mixed,  however,  with  gum  arabic  and  spread  on 
card-board,  it  dries  to  a  full  chrome  yellow.  It  coula  not  be 
obtained  in  a  condition  sufficiently  pure  for  analysis,  but  there 
can  be  little  doubt  that  its  constitution  is  AgOlUgL 

The  new  substance  exhibits  remarkable  properties  with  re- 
spect to  heat  Even  below  100®  F.  it  begins  to  redden,  and  this 
cuange  rapidly  increases  with  the  rising  temperature  until  it 
reaches  a  maximum  at  about  140®  F.  At  this  temperature  it 
has  a  bright  scarlet  color,  differing,  however,  a  good  deal  from 
that  of  mercuric  iodide,  and  more  resembling,  if  moist,  that  of 
chrome  red ;  if  dry,  that  of  vermilion.  As  the  temperature  falls 
again,  the  pale  yellow  color  returns.  A  striking  experiment 
consists  in  placing  a  portion  of  the  substance  in  a  test  tube 
under  water,  and  warming  it  at  a  Bunsen^s  burner.  The  very 
instant  that  the  flame  touches  the  glass,  the  whole  layer  of 
substance  in  contact  with  it  flashes  to  a  bright  red.  If  heated 
till  it  is  changed  throughout,  a  portion  taken  out  with  spatula 
and  dropped  on  a  cold  porcelain  dish,  becomes  yellow  at  the 
instant  of  contact 

If  a  portion  of  the  substance  be  mixed  with  a  solution  of 
gum  araoic  and  be  spread  on  card-board,  it  exhibits  the  follow- 
ipg  properties : 

Warmed  gently  at  a  lamp  (best  by  holding  it  near  the  glass 
chimney  of  an  Argand  burner),  it  assumes  a  deep  red  color; 
then,  when  removed,  it  recovers  its  yellow  shade.  Both  changes 
take  place  so  rapidlv  that  the  alteration  of  color  may  be 
watched,  and  is  complete  in  a  few  seconds  or  half  a  minute.  If 
instead  of  gently  warming,  a  strong  heat  be  applied,  just  below 
what  is  sufficient  to  char  the  card,  the  portion  thus  strongly 
heated  assumes  a  still  deeper  color,  and  returns  to  the  yellow 
much  more  slowly,  retaining  an  intermediate  orange  shade  for 
some  hours.  This  change  is  brought  about  by  a  sudden  and 
momentary  heat :  if  the  heat  be  continued,  the  mercuric  \od.\de 
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volatilizes,  and  the  portion  so  treated  becomes  permaneotly 
yellow. 

If  one  of  these  cards  be  exposed  to  sunlight  with  a  portion 

?3rfectly  protected,  the  exposea  part  becomes  slightly  darkened, 
his  efi^t  takes  place  witn  an  exposure  of  half  an  hour  or  less 
and  is  scarcely  increased  if  the  exposure  be  prolonged  for  many 
hours.  By  keeping  for  a  few  days  in  the  aark,  the  deepening 
of  color  gradually  fedes  out  until  the  exoosed  parts  are  not  to 
be  distinguished  from  the  rest  This  enect  may  be  repeated 
several  times  with  the  same  card. 

In  reference  to  the  compound  of  silver  iodide  with  mercuric 
iodide,  I  feel  constrained  to  differ  from  Meusel,  who  considers 
it  only  a  mixture  and  not  a  combination.  I  take  it  to  be  a 
compound,  though  an  extremely  loose  one,  and  for  the  follow- 
ing reasons,  which  apply  equally  to  the  silver  chloride  com- 
pound. 

So  long  as  the  substances  are  only  mixed,  and  before  they 
have  united,  the  characteristic  color  of  the  mercuric  iodide  is 
always  conspicuously  observable,  and  no  mechanical  mixing, 
however  thorough,  is  capable  of  concealing  it  The  eventual 
disappearance  ox  this  color  seems  to  be  a  proof  of  combination. 
This  view  is  farther  strengthened  by  what  takes  place  in  the 
case  of  5i7tw  bromide.  When  Hgl  is  placed  in  contact  with 
AgBr,  no  combination  takes  place  as  in  the  case  of  AgCl  and  Agl 
under  similar  conditions.  Even  after  many  days  the  color  of 
the  mercuric  salt  is  conspicuously  visible.  In  one  case  I  kept 
Hgl  in  contact  with  excess  of  AgBr,  both  freshly  precipitate, 
for  several  weeks  under  water,  at  the  end  of  which  time  the 
particles  of  Hgl  could  be  distinguished  under  a  lens  with  per- 
fect facility.  At  the  end  of  weeks,  the  mixture  of  AgBr  and  Hgl 
retains  exactly  the  appearance  which  it  presents  when  first 
mixed  (supposing,  of  course,  that  it  has  been  protected  from  the 
light).  AgCl  and  Agl,  when  mixed  with  Hgl,  present  at  first 
the  same  appearance,  which,  however,  subsequently  changes 
completely,  and  a  substance  with  new  properties  is  the  result 
This  seems  clearly  to  indicate  a  combination. 

The  striking  fact  that  the  thermochromic  properties  of  mer- 
curic iodide  are  inverted  in  the  new  compouna,  which  passes 
from  yellow  to  red  by  heat,  instead  of  from  red  to  yellow, 
and  the  far  greater  sensitiveness  to  heat  of  the  new  substance, 
are  strong  arguments  of  combination. 

Meusel's  explanation  of  the  change  of  color,  in  his  view  of 
mere  mechanical  mixture,  makes  it  depend  on  a  diminished 
power  of  absorbing  red  rays  when  warmed,  which  he  ascribes 
to  silver  iodide.  But  the  experiment  which  I  have  described 
with  the  substance  spread  on  card-board  disproves  this  explana- 
tion in  two  distinct  manners. 

At  a  temperature  about  80°  or  40°  of  Fahrenheit  above  the 
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boiling  point  of  water,  mercuric  iodide  becomes  yellow.  K, 
therefore,  the  new  substances  were  mere  mixtures  on  bein^ 
heated  to  that  temperature  the  red  color  previously  acquired 
should  disappear  completely,  since  there  could  be  no  possible 
cause  for  its  continuance.  The  mere  mechanical  mixture  of  two 
yellow  substances  (in  the  case  of  Agl  and  Hgl),  or  of  a  white 
and  a  yellow  (in  the  case  of  A^l  and  Hgl),  could  by  no  pos- 
sibility produce  a  red  one.  This  single  argument  would  seem 
to  be  sufficient  in  itselC 

The  peculiar  persistency,  after  applying  momentarily  a  high 
heat,  seems  also  inconsistent  with  toe  hypothesis  of  a  mechan- 
ical mixture.  Let  us  follow  the  phenomena  which  present 
themselves  and  consider  them  in  the  light  of  this  hypothesis  of 
a  mechanical  mixtura  The  substance  is  at  ordinary  tempera- 
tures yellow ;  it  is  difficult  to  suppose  that  white  and  scarlet 
mechanically  mixed  can  form  yellow.  At  140°  F.,  it  is  deep 
red  ;  now  this  rise  of  temperature  makes  no  visible  change  in 
the  color  of  either  constituent,  taken  separately ;  if  the  mixture 
be  merely  mechanical,  it  is  difficult  to  see  why  the  color  should 
change.  At  a  still  higher  temperature,  let  us  say  for  example 
800*^  F.,  mercuric  iodide  is  yellow,  but  the  substance  in  question 
is  deep  red.  And,  whereas  before  we  had  white  and  red  me- 
chanically mixed  forming  yellow,  now  we  have  white  and  yel- 
low forming  red.  Even  the  phenomena  of  persistence  are 
reversed,  for  whilst  mercuric  ioaide  after  cooling  retains  for  a 
time  its  yellow  color,  and  then  passes  to  its  normal  red,  this 
substance,  after  a  strong  momentary  heating,  retains  for  some- 
time after  cooling  its  red  shade,  and  eventually  recovers  its 
normal  yellow. 

These  properties  seem  to  be  irreconcileable  with  the  view  of 
mechanical  mixtura  The  behavior  of  the  substance  when  ex- 
posed to  sunlight  also  affords  a  strong  argument  The  very 
fieiint  darkening  caused,  and  the  gradual  recovery  of  the  original 
color,  seem  inconsistent  with  the  hypothesis  of  the  presence  of 
free  silver  chlorida  There  is  no  aoubt  that  the  combination 
is  a  loose  one.  By  repeated  boiling  with  a  considerable  quan- 
tity of  water,  most  of  the  mercuric  iodide  can  be  dissolved  out, 
and  this  may  be  still  more  easily  done  with  alcohol,  in  which 
mercuric  iodide  is  more  soluble  than  in  water.  This,  however, 
is,  of  course,  no  proof  of  absence  of  combination,  as  many  com- 
pounds can  be  broken  up  in  a  similar  way.  Even  after  re- 
peated boiling  with  water,  a  portion  of  the  mercuric  iodide  is 
held  back,  and  it  is  curious  that  the  abstraction  of  the  mercuric 
salt  does  not  change  the  color  of  the  residue.  The  silver 
chloride  does  not  recover  its  whiteness,  the  yellow  color  remains 
unchanged,  but  the  property  of  reddening  by  heat  disappears 
with  the  removal  of  the  mercuric  iodide. 

426  Walnut  at,  Philadelphia,  Dec.  6. 
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Abt.  X. — Brief  Contributions  to  Zoology  from  the  Museum  of 
Yale  College.  No.  XXVI.  Results  of  recent  Dredging  Expe- 
ditions on  the  Coast  of  New  England.  No.  4 ;  by  A.  E. 
Verrill. 

(Continued  from  yoL  yi,  page  435.) 

Very  few  localities  of  "hard"  bottom  were  met  with  in 
more  than  26  fathoms  of  water ;  and  coDsequently  we  could 
DOt  obtain  so  complete  a  knowledge  of  the  fauna  occupying 
such  bottoms,  at  greater  depths  off  that  coast,  as  of  that  in- 
habiting the  soft  muddy  bottoms.  This  has,  however,  been 
remedied  to  a  considerable  extent  by  some  of  the  subsequent 
dredgings  made  by  Dr.  Packard,  when  on  the  Bache.  More- 
over, a  considerable  number  of  species  belonging  properly  on 
rocky  bottoms  came  up  attached  to  the  boulders,  already  re- 
ferred to,  which  we  frequently  brought  up  even  from  the  softest 
mud. 

Other  inhabitants  of  such  bottoms  were  obtained  from  the 
stomachs  of  fishes,  freshly  caught  From  these  and  other 
sources  we  could  now  compile  a  pretty  full  list  of  species 
belonging  to  the  hard  bottoms  in  depths  between  50  and  125 
fathoms,  off  the  coast  between  Cape  Cod  and  Mount  Desert 

Two  of  our  dredgings  off  Seguin  Island,  in  88  and  45  fathoms 
respectively,  belong  to  the  series  of  outer  and  deeper  dredgings, 
rather  than  among  those  made  in  the  bays.  They  are,  howevet, 
somewhat  intermediate  in  character. 

The  first  named  locality  was  unusually  rich  in  species,  and 
I  therefore  give  the  entire  list  obtained  at  that  place,  so  fiir 
as  they  have  been  identified.  The  bottom  was  generally  hard, 
and  in  places  rocky,  but  some  patches  of  mud  were  evidently 
encountered  by  the  dredge,  and  consequently  there  is  a  con- 
siderable number  of  true  mud-dwelling  species  in  the  list 
Only  one  haul  of  the  dredge  was  made  at  this  locality,  owing 
to  unfavorable  weather. 

Contents  of  a  single  haul  of  the  dredge  mads  Aug,  13,  1873,  on 
hard  bottom^  taith  some  spots  of  mud^  in  33  fathoms  ;  locality ^ 
six  77iiles  east  of  Seguin  Island. 

ARTICULATA. 

Arachnida. 
Nymphon,  sp. 

Crustacea. 

Hippoljte  spina. 
Unciola  irrorata. 
Cerapus  nibricomis. 
Monoculodes,  sp. 


Hyas  ooarctatus. 
Eupagurus  Kroyeri. 
Pandalus  annulicomis. 
Hippolyte  pusiola. 


Metopa,  sp. 
Caprella,  sp. 
Praniza  oerina. 
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Harmothoe  imbricata. 
Xicomache  lumbricalis. 
Nothria  conchilega. 
Phjllodooe  catenula  Y. 
Lumbrioonereia  fragilia. 
Anthostoma  acutum  Y. 
Grftttiola,  sp. 
Nereis  pelag^ca. 


Annelids. 

Amphitrite  Groenlandica. 
Oistenides  granulatus. 
Ampharete  gracilis. 
Ampharetei  sp. 
Yennilia  serrula. 
Arenia,  sp. 
Kinoe  nigripes  Y. 


Melixma  cristata. 
Thelepus  cincinnatuB. 
Scione  lobata. 
Chone,  sp. 
Potamilla  oculifera. 
Sabella,  sp. 
Spirorbis  lucidus. 


PhascoloBoma  cffimentaiium. 


Admete  viridula. 
Bela  turricula. 
Bela  harpularia. 
Bela  violaoea 
Baodnum  undatam. 
Xeptanea  deoemoostata. 
Neptunella  pygmsa. 


Saxicava  arctica. 
Maooma  sabulosa. 
Cardium  Islandicum. 
Cardium  pinnulatanL 
Cjprina  Islandica. 
Astarte  undata. 


Asddiopsis  complanatus. 
Glandula  arenicola. 
Holgula  pannosa. 


Sipunculoids. 

I    PhasooloBoma  tubioola  Y. 

Jfemerteans, 
Nemertes  affinis. 


MOLLUSC  A. 

Gcutropods. 

Astyris  sonalis  Y. 
Tridiotropis  borealis. 
Aporrhais  ocddentalis. 
Yelutina  hallotoidea. 
Lamellaria  perspicua. 
Lunatia  GroBnlandica. 
Turritella  erosa. 

LameUibranchB. 


Astarte  elliptic 
Astarte  lens. 
Ojclocardia  borealis. 
Orenella  glandula. 
Modiolaria  disoors. 


Aacidiana, 

Leptodinum  luteolum. 
Leptoclinum  albidum. 


Lepeta  cseca. 
Calliostoma  occidentale. 
Margarita  cinerea. 
Diadora  noachina. 
Doris  planulata. 
Hanleia  mendicaria  Carp. 
Entails  striolata. 


Modiolaria  oomigata. 
Leda  tenuisulcata. 
Pecten  Islandicus. 
Nucula  tenuis. 
Anomia  aculeata. 


Amaroecium  glabnim. 
Lissodinum,  sp. 


Tubulipora  crates. 
Idmonea  pniinosa. 
Crisia  ebumea. 
Disoofasdgera  luoemaria. 


Lophothuria  Fabridi. 
Strongylocentrotus    Dro- 

bachiensis. 
Solaster  endeca. 
Asterias  vulgaris. 

Lafoea  fniticosa. 
Lafoea  dumosa. 
Haledum,  sp. 


Brachiopods. 
Terebratulina  septentrionalis. 

Bryozoana, 

Gaberea  Ellisii. 
Gemellaria  loricata. 
Flustra  solida. 


Oellularia  ceruata. 
CeUepora  scabra. 
CeUepora  ramulosa. 


BADIATA. 

Echinoderma. 

Stephanasterias  albula  Y. 
Leptasterias,  sp. 
Cribrella  sang^inolenta. 
Ophiocnida  hispida. 

AcalepJis, 

Grammaria  robusta. 
Sertularia  argontea. 
Sertularia  latiuscula. 


Amphipholis  elegans. 
Ophiopholis  aculeata. 
Ophiogljrpha  Sarsii. 
Ophioglypha  robusta. 


Sertularella  polyzonias. 
Eudendrium  tenue. 
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Urticma  crassioomis. 


Tethya  hispida. 
Halichondria,  several  sp. 

Numerous  spedes. 

Laminaria  longicruris. 


Pciyps, 
I    Cemulariella  modesta  Y.,  mm  genua  and  ip> 

PROTOZOA. 

Sponges. 


IReuiera,  sp. 

ForafninifercL 

ALGiB. 
lAgarum  Tumeri. 


IGkantia  oOiaU. 


IDesmarestia  aculeata. 


The  45  fathom  locality  was  about  five  miles  southwest  from 
Seguin  Island.  At  this  place  we  dredged  many  of  the  species 
enumerated  in  the  above  list,  togetner  with  a  number  of 
additional  ones,  among  which  were  the  following : 


Crustacect. 
DiartyliB  quadrispinoea. 

Annelids. 

Trophonia  aspera. 
Ammochares,  sp. 

MOLLUSCA. 

Margarita  obscura. 
Cylichna  alba. 
Toldia  thradformia. 


Balanus  porcatua. 


Terebellidee  Stroemi. 
Mjrzicola  SteenatnipiL 


Bngyra  pUnlaris. 
AmanBdum  pallidum. 


BADIATA. 

Eudendrium  ramoaum. 


Hippoljte  aculeate. 
PtUocheirus  pinguis. 


NephthySf  sp. 
Rhjnchobolus  albus. 


Bola  decussata. 
Natica  clausa. 
Scalaria  Grcenlandica. 


Ceriauthus  borealis  V. 

A  number  of  dredgings  were  made  on  and  near  East  and 
West  Cod  Ledges,  several  miles  oiBT  Cape  Elizabeth.  The 
shallower  parts  of  these  in  10  to  16  fathoms,  are  very  rough 
and  rocky,  so  that  in  some  places  the  dredge  could  not  be 
used,  and  even  the  tangles  suffered  seriously  by  the  iron  frame 
becoming  caught  and  jammed  among  the  rocks  so  firmly  that 

♦  OomiUariella  modeski  V. 

Allied  to  (hmtUaria  and  Tdesto,  Polyps  tubular,  rising  from  creeping  stolons  ; 
lower  part  of  the  polyp-bodies  has  the  walls  thickened  and  stiffened  by  numerous 
large  fusiforin  spiciila,  with  sharp  conical  projections,  and  is  more  or  less  oight- 
ribbed  in  contraction :  upper  part  of  body  hour-glass  shaped,  flexible,  translu- 
cent, w^hitish,  with  fewer  white  spicula,  retractile  into  the  lower  part,  the  eight 
internal  lamella)  showing  through.  Tentacles  larg^,  expanding  about  6°^™,  lanceo- 
late, gradually  tapering  to  the  acute  tips,  flat  above,  with  the  short  thick  pinnae 
arranged  along  the  upper  edges  on  the  distal  half ;  the  lower  side  of  the  tentacles 
is  rounded  and  more  or  less  swollen  toward  the  base.  Color  of  stolons  and  base 
of  polyps  dirty  yellowish  or  brownish ;  flexible  part  of  polyps  and  the  tentacles 
translucent  white ;  the  latter  with  central  rows  of  white  ppicula.  Height  of  polyps, 
gmm  to  1 8™™ :  diameter,  3™™ ;  distance  between  polyps,  6™™  to  25™n» ;  breadth 
of  stolons,  about  3™™. 

Casco  Bay ;  Bay  of  Fundy,  80  to  100  fathoms.  Gulf  of  Saint  Lawrence,  in  deep 
water  (Whiteaves). 
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t  could  not  be  extricated  without  using  force  sufficient  to  bend 
.nd  twist  the  stout  iron  cross-bar ;  at  somewhat  greater  depths, 
D  20  to  30  fathoms,  farther  away  from  the  crests  of  these 
edges,  the  bottom  was  generally  stony  and  gravelly,  though 
ilen  rough,  and  the  dredges  were  used  with  gooa  success, 
lost  of  the  species  from  these  localities  have  been  enumerated 
n  the  two  preceding  lists,  and  need  not  be  repeated  here,  but  a 
onsiderable  number  of  additional  ones  occurred.  The  roughest 
•arts  of  the  ledges,  in  10  to  15  fathoms,  are  overgrown  with  red 
Igse,  and  among  these  the  reddish  variety  of  cod,  known  as 
rock-cod,"  abounds.  Here  also  a  large  number  of  interesting 
rustacea  were  obtained,  most  of  them  having  red  colors,  evi- 
ently  adapting  them  for  concealment  among  thealgsB.  Among 
\ie  Crustacea  were  the  following : 


iyms  ooarctotus. 
ancer  iiroratus. 
upag^ums  KrojerL 
.  BemharduB. 
jppoljte  FabridL 
I  acuieata. 


H.  PhippsiL 
H.  pusiola. 
Grangon  boreas. 
Pandalus  annuliooniia. 
Cerapus  rubrioomia. 


IJnciola  irrorata. 
AmphiihoS,  sp. 
Oaprellai  sp. 
Praniza  oerina. 
Balanus  porcatus,  etc. 


Several  of  these  occurred  also  in  the  previous  lists,  but  are 
jpeated  here  to  show  more  fully  the  peculiar  character  of  the 
luna  of  these  rough  ledges.  We  ascertained  that  the  cod-fish 
aught  here  feed  chiefly  on  these  Crustacea,  their  stomachs  often 
eing  filled  with  the  crabs,  shrimps,  and  smaller  species  named 
bove,  together  with  more  or  less  numerous  MoUusca,  Holothu- 
ans,  Ophiurans,  etc.  The  OphiophoUs  acuUaUi  was  a  common 
nd  important  part  of  their  diet,  and  several  specimens  of  a 
irge  Tkyonidium  were  taken  from  the  stomach  of  a  cod,  at  this 
lace,  though  we  did  not  dredge  it  at  all,  either  here  or  else- 
here. 

Among  the  other  species  that  occurred  on  the  Cod  Ledges, 
at  not  in  the  localities  previously  described,  are  the  following : 

Pyenogonids, 
lozichilidium  femoratum.  |    Nymphon,  sp. 

Annelids, 


moe  (Erstedii. 
.'pidonotuB  BquamatuB. 


■ophon  scalariformiB. 
enestho  albula. 


Euphrosjne  borealis. 
Amphitrite  cirrata. 


Spirorbis  quadrangularis. 
Vermilia  serrula. 


Gastropods, 
Trachjdennon  ruber  Carp.  Tonicella  marmorea  Carp. 


Bryozoa. 

Tubulipora  patina. 

Acalephs, 

Sertularia  pumila  7 
Sertularella  polyzonias. 

Also  numerous  sponges,  not  determined. 


Icjonidium,  red  sp. 


icemaria  quadricomis. 
3elia  geniculata. 


I  Lepralia,  seyeral  sp. 


Halecium  muricatuiiL 
Tubularia  indivisa. 
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ALGiB. 


The  following  occurred  in  12^  fathoms : 


Ag^amm  TumerL 
Delesseria  sinuosa. 
D.alata. 


Calliblepharis  ciliata. 
Euihora  cristata. 
Ptilota  serrata. 


Calliihamnion,  sp. 
Corallina  officinalis. 
Lithothamnion  polTmorphum. 


Farther  to  the  west,  off  the  mouth  of  Casco  Bay,  and  about 
two  to  three  miles  south  of  Half-way  Rock,  in  27  fathoms,  we 
made  another  haul,  very  similar  to  the  one  in  38  fathoms,  de- 
scribed above.  The  bottom  was  here  composed  of  coarse  sand 
and  gravel,  pebbles,  small  stones,  and  broken  shells,  with  some 
mud.  A  large  proportion  of  the  species  given  in  the  list  for 
the  83-fathom  locality  also  occurreo  at  this  place,  with  many 
additional  ones,  among  which  were  the  following : 


Eupagurus  Bernhardus. 
Crangon  yulgaria. 
Hippoljte  Fabricii. 


NephthTSf  sp. 
AmmocoareB,  sp. 


Bela  decussata. 
Scalaria  Grcenlandioa. 
Natica  dausa. 


Crustacea, 

Gumaoea,  two  sp. 
Ptilocheirus  pinguis. 
Anonjx,  sp. 

Annelids, 

Kioomache,    new    sp., 
banded. 

Gastropods. 

Lonatia  immaculata. 
Margarita  obscura. 

LameUibrancJis, 

Astarte  quadrans. 


Ampelisca,  sp.  with  red 

dorsal  spots. 
Ampelisca}  small  sp. 
AnlJiura  brachiata. 


Pista  cristata. 
Terebellides  Stroeml. 


Cjlichna  alba. 
Philinei  sp. 


Modiolaria  nigra. 


Cryptodon  Oouldii. 

Gydocardia  Noyangliaa.       Yoldia  sapotilla. 

Echinoderms. 

Hippasteria  phrjgiana,  one  large  specimen. 

In  Casco  Bay,  among  the  islands,  in  moderately  shallow 
water,  there  is  great  diversitv  in  the  character  of  tne  bottom, 
and  a  large  amount  of  profital^le  dredging  was  done.  Most  of 
the  species  are  decidedly  boreal  and  arctic  forms,  which  we  had 
previouslv  dredged  in  the  Bay  of  Fundy,  and  farther  north. 
The  depth  varied  from  8  or  4  to  about  80  fathoms.  Some  of 
the  best  localities  on  hard  bottoms  were  found  in  Hussey 
Sound  ;  off  Cow  Island  ;  off  the  northern  end  of  Peak's  Island ; 
off  Witch  Rock  ;  off  the  Green  Islands  ;  off  Whaleboat  Island, 
in  Broad  Sound ;  and  in  the  main  ship-channel  off  Fort  Preble, 
etc.  In  these  localities  the  bottom  was  composed  of  small 
stones,  and  occasionally  of  rough  rocks  with  broken  shells, 
gravel,  etc.,  overgrown  by  an  abundance  of  coarse  massive 
sponges,  among  which  were  several  species  of  i?en/e?-a,  Hali- 
chondria,  Subfrites,  Polymastia,  etc.,  together  with  more  delicate 
species  belonging  to  Chalina,  Isodictya^  etc. 
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;  following  are  some  of  the  more  common  and  character- 
pecies  dredged  on  the  hard  bottoms,  in  8  to  80  fathoms : 


irroratoa. 

oarctatns. 

araneus. 

irus  Bernhardus. 

KrojeiL 

;>ube8C8ii8. 

Q  vulgaris. 

pte  spina. 

FabridL 


lOtns  sqaamatos. 
(Erstedii. 
thoe  imbricata. 
looe  catenula  Y. 
pistacia  Y. 
pelagica. 

losyllis  picta,  n.  sp. 
ta  g^radlis,  new  sp. 
nis  oomutus. 
^s,  sp. 
i  oondijlega. 


Crustacea. 

Hippolyte  aculeata. 
H.        pusiola. 
H.        gibba. 
H.        Phippsil. 
Pandalus  annulioomis. 
Mysis,  sp. 

Ptilocheinis  pinguis. 
Unciola  irrorata. 
Acanihozone  cuspidata. 

Annelids, 

Poljdora,  sp.  (in  shells). 
Cirratulus  drratus. 
Dodecacerea  ooncharum. 
Nicomacbe,  new  sp. 
N.  lumbricalis. 
Trophonia  aspera. 
Tecturella  flaocida. 
Stemaspis  fossor. 
Gistenides  granulatus. 
Thelepus  dncinnatus. 
Scione  lobata. 
Amphitrite  cirrata. 


7\irbellaria. 
jepbala  Stimpsoni  Y.|Nemertes  afiSnis. 


LTpularia. 

issata. 

icula. 

i  vlridula. 

n  clathratus. 

im  undatum. 

ea  deoemcostata. 

a  (Jeffrey's  sp.),  Y. 

lella  pygmsea  Y. 

rivittata 

;  zonalis  Y.  (dissimi' 

ropis  borealis. 


'a  arctica. 
enaria  (young), 
i  Islandica. 
D  pinnulatum. 
irdia  borealis. 


a  Bolteni. 

%  pyrifonnis. 

nata. 

ea. 

)p6i8  complanatus. 


MOLLUSC  A. 

Gastropods, 

Natica  clausa. 
Lunatia  heros. 
L.  immaculata. 
Crucibulum  striatum. 
Yelutina  zonata. 
Y.  haliotoidea. 
Lamellaria  perspicua. 
Menestho  albula. 
Scalaria  Grcenlandica. 
Margarita  obscura. 
M.  Grcenlandica. 
M.  cinerea. 

Xki  inellihranchs, 

;C.  Novangliae. 
'Astarte  undata. 
Crenella  glandula. 
Mytilus  edulis. 
Modiola  modiolus. 

Ascidia7is, 

Chelyosoma  geometri- 

cum  St. 
Molgula  pannosa. 
M.  retortiformis. 
M.  papulosa. 


Paramphithoe?  cataphrao- 

tus. 
Cerapus  rubrioomis. 
Anonyx,  sp. 
Oaprella,  sp. 
Idotea  phoeophorea 

Harger. 
Balanus  porcatus. 
B.        crenatus. 


Polycimis,  phosporescent  sp , 
Myzicola  Steenstrupii. 
Potamilla  oculif era  (Leidy). 
Sabella  zonalis  Stimp. 
Chone,  sp. 
Spirorbis  lucidus. 
S.        nautiloides  ? 
S.        quadrangularis  St. 
Yermilia  serrula. 
Filigrana  impleza. 
Phasoolosoma  csementa- 
rium. 


|Leptoplana  eUipsoides. 


Calliostoma  occidentale. 
Lepeta  osca. 
Cylichna  alba. 
Dendronotus  arborescens. 
Doris  planulata. 
Onchidoris  pallida. 
Doto  coronata. 
Tonicella  marmorea  Carp. 
Trachydermon  albus  Carp. 
Tracjiydermon  ruber  Carp. 
Hanleia  mendicaria  Carp. 
Amicula?  Emersonii. 


Modiolaria  nigra. 
M.  discors  (l&;vigata). 
M.  oorrugata. 
Pecten  Islandicus. 
Anomia  aculeata. 


Amaroecium  glabrum. 
A.  pallidum. 
Lissoclinum,  sp. 
Leptoclinum  idbidum. 
L.  luteolum. 
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Idmonea  pminosa. 
Orisia  eburaea. 
Tubulipora  crates. 
T.  flabellarifi. 
Disooporella  vemioosa^ 
Alcyonidium  (red  sp., 
shells). 


on 


Brachiopods, 

Terebratulina  septontrionaUs. 
Bryozoa, 

Oaberea  ElUsiL 
Bugula  Manayana. 
B.  fastigiata. 
Cellularia  temata. 
Gemellaria  loricata. 
Membranipora  pilosa. 


M.  lineata. 
LepraUa  Pallasiana. 
Lepralia,  several  sp. 
Disoopora. 
Cellepora  scabia. 
C.  ramulosa. 


Pentacta  frondosa. 
P.  calcare& 
Lophothuria  Fabricii. 
Psolus  plantapus  (joung). 
Thyonidium,  sp. 


Obelia  genicalata. 
0.  longissima. 
Gampanularia  flexuosa. 
C.  volubilis. 
C.  yerticillata. 
G.  angulata. 
Clytia  Johnstoni. 
GiJyoella  sjrlnga. 


BADIATA. 

EchinodemiB. 

Strongylooentrotus  Drd- 

bac^ensis. 
Asterias  vulgaris. 
A.  Uttoralis  (8t). 
Cribrella  sanguinolenta. 

Hydroids, 

Haledum  muricatum. 
Laf ote  frutioosa. 
L.  dumosa. 

Antennularia  antexmina. 
Sertularia  argentea. 
8.  cupressina. 
S.  latiuscula. 
Diphasia  fallax. 

Polyps, 


Solaster  endeca  (small). 
Pteraster  militaris  (small). 
Ophiopholis  aculeata. 
Ophioglypha  robusta. 
Amphipholis  elegans. 


SertulareUa  polyxonias. 
S.  tricuspidii^ 
Hydrallmania  falrata 
Tbamnocnida  tenella. 
Eudendrium  tenue. 
£.  ramosum. 
Hydractinia  polydinab 


Metridium  marg^inatum.       lUrticina  crassioomis.  lAlcyonium  oameum. 


Grantia  ciliata. 
Poljrmastia  robusta?  Bow- 
erbank. 

P. ,  new  sp. 

Tethya  hispida  (Bowerb.). 


Sponges. 

Halichondria,  sp. 
H.  pannosa. 
Reniera,  several  sp. 
Suberites,  sp. 
Cliona,  sp. 


Isodictya,  sp. 
I.  lobata  (Esper  sp.). 
I.  infundibuliformis. 
Ghalina  ooulata. 


Besides  the  species  enumerated  above,  there  were  many 
others,  that  have  not  yet  been  identified.  Many  that  occurred 
less  frequently  on  the  hard  bottoms  than  on  sandy  or  muddy 
ones,  have  also  been  omitted  from  the  list. 

Very  few  genuine  sandy  bottoms  were  met  with,  and  these 
were  generally  of  small  extent,  so  that  the  sand  was  nearly 
always  mixed  with  gravel,  pebbles,  or  mud,  when  brought  up 
in  the  dredge^  and  there  was,  necessarily,  a  corresponding  mix- 
ture of  the  animals  inhabiting  these  different  kinds  of  bottouL 
Most  of  the  species  found  on  such  bottoms  are  included  in  the 
preceding  list  A  number  of  species  occurred,  however,  on 
sandy  bottoms  more  frequently,  or  in  greater  abundance,  than 
elsewhere.     Among  these  were  the  following: 

Crnngon  vulgaris^  Unciola  irrorata^  Ananyx,  sp.,  Epelys  man- 
tovw^Harger,  Praxilla,  sp.,  Glym"nella  torqiuiia  V.,  Oistentdes gran- 
ulatus,  TeirasiemmUj  sp.,  Ophionemeries  ayilis  V.,  new  gen.  and 
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sp.,*  Lunatia  heros^  Menestho  albula^  Uiriculus  pertenuis^  Lyonsia 
hyaUna^  L.  arenata,  Astarie  castanea,  A,  quadrans^  Cyprina  Island- 
ica,  Echinarachnius  parma. 

Muddy  bottoms  of  various  grades,  and  at  all  depths  to  80 
fathoms,  were  frequent  in  Casco  Bay,  especially  in  the  sheltered 
coves  and  channels  among  the  islands,  and  in  the  several 
branches  or  fiords  into  which  the  northeastern  portion  of  the 
bay  is  divided.  Among  the  species  dredged  on  muddy  bot- 
toms were  the  following : 

I\/cnoffonids. 

KTiDplion,  sp.  jPallene,  sp.  |Phoxichilidium  femoratum. 

Crustacea. 

Phoxu»  Eroyeri. 
CJorophium  cylindricum. 
Pontoporeia,  sp. 
Haploops,  sp. 

Ampelisca,  with  red  spots. 
Anonyx,  sp. 
Orohomene,  sp. 
Idotea  phosphorea  Harger. 
Epelys  montosus  Harger. 


EjMB  ooarctatos. 
Bopagurus  ErojrerL 
K.  pabesoens. 
E.  BemharduB. 
Orangon  vulgaris. 
Pandalua  annulioOTiufl. 
Hippo!  jte  GaimardiL 
H.  puaiola. 
H.FabriciL 


iphrodite  aculeata. 
Harmothoe  imbricata. 
Pboloe  mlnuta. 
Kephthja,  sp. 
K.  ingens  St. 
PbjUodoce  cate&ula  Y. 
Pbjllodooe,  sp. 
Eulalia  pistacia  Y. 
Eteone  pusilla. 
Nereis  pelagica. 
Kinoe  nigripes  Y, 
Lambriconereis,  slender  sp. 
L  fragilis. 
Goniada  macolata. 


Hjsis  Americanus  Smith. 
H.  stenolepis  Smith. 
Diastylis  sculpta. 
D.  quadrispinosa. 
Eudorella  hispida. 
nndola  irrorata. 
Cerapus  nibrioomis. 
Ptilocheirus  pingois. 
Byblis  Gkdmardii 

Annelids. 

Rhynchobolus  albus. 
Polydora,  sp.,  in  shells. 
Scolecoiepis,  sp. 
Anthostoma  acutum  Y. 
Trophonia  aspera  Y. 
Ammotrypane  fimbriata  Y. 
Ophelia,  sp. 
Stemaspis  fossor. 
Nicomache,  sp. 
Nioomache  lumbricalis. 
Haldane  Sarsii. 
Prazilla,  sp. 
Ammochares,  sp. 
Arenia,  sp. 

Turbellaria. 


Cistenides  g^ranulatus. 
0.  Gk)uldii  Y. 
Ampharete  g^racilis. 
Amphicteis  Gunneri. 
Melinna  cristata. 
Amphitrite  brunnea  Y. 
A.  drrata. 
Polycirrus,  sp. 
Chone,  sp. 
Euchone  elegans  Y. 
Ghsetoderma  nitidulum. 
Phascolosoma  csmenta- 
rium. 


Tetrastemma,  sp. 

T.  vittata  Y.,  new  sp.f 


Meckelia  lurida  Y. 
Leptoplana  ellipsoides. 


Cosmocephah^  orange  sp. 
C.  Stunx>8oni  Y. 
Ophionemertes  agilis  Y. 

^  Ophionemertea  agiHB  Y. 

idlied  to  7h&€uiemma,  Body  slender,  slightly  depressed,  with  the  sides  well 
roonded,  Uiickest  in  the  middle,  tapering  gradually  to  the  slender,  obtuse  poste- 
rior end ;  head  somewhat  separate  from  and  wider  than  the  anterior  part  of  the 
body,  changeable  in  form,  often  oval,  sometimes  sub-triangular,  generally  longer 
than  broad,  narrowed  anteriorly,  obtuse  or  slightly  emarginate,  with  a  terminal 
orifice.  Eyes  numerous,  forming  a  long,  crowded  lateral  row  or  group  along  each 
side  of  the  head ;  the  rows  are  simple  and  converge  anteriorly,  posteriorly  they 
become  broad  and  double.  Back  of  the  eyes  there  is  a  curved  transverse  groove 
or  furrow,  crossing  the  back  of  the  head.  No  lateral  fossae  observed.  Color  pale 
ochre-yeUow ;  the  intestine  slightly  reddish;  the  internal  lateral  organs  lighter 
yellow,  giving  a  reticulated  appearance  to  the  sides.  Length  2^^  to  40°^™ ; 
l-5mm  to  2°»™  in  diameter. 

Casco  Bay,  20  to  65  fathoms ;  Bay  of  Fundy,  40  to  90  fathoms. 

f  TeirastemmaviUataY. 
Body  short  and  stout,  obtuse  at  both  ends,  well  rounded,  little  depressed ;  head 
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Bela  harpularuL 

B.  turricula. 

B.  pleurotomaria. 

Buocinum  imdatum  (young). 

Neptunella  pygmiea. 

Tritia  triYittata. 

Lunatia  heros,  var. 


2<irphffia  crlspata  (in  wood). 
Mya  arenaria  (young;. 
Sfudcava  arctica. 
Lyoneia  hyalina. 
Thracia  Conradi. 
T.  myopsis. 
EusateUa  Americana. 
Macoma  sabulosa. 
Callista  conveza. 
Gyprina  Islondica. 
C^ardium  pinnulatum. 
0.  Islandicum. 


Molgula  pannoea. 


Asterias  vulgaris. 
OtenodisouB  crispatus. 


Oorymorpha  pendula. 
Hydractinia  polydina. 


Metridium  marginatum  (on 
shells). 


Oastropoda, 

Ifc  inunaculata. 
Yelutina  haliotoidea 
Trlchotropis  borealis. 
Rissoa  carinata. 
R  exarata. 
R.  (?)  ebumea. 
Scalaria  Grcenlandica. 

JLameUibranehs. 

Serripes  Groenlandicus. 
Lucina  fllosa. 
Gryptodon  Gouldii. 
Solenomya  velum. 
Gyclocardia  borealis. 
C.  Novanglise. 
Astarte  lens. 
A.  undata. 
Leda  tenuisulcata. 
Yoldia  sapotUla. 
Y.  myalls. 
T.  limatula. 

Ascidians. 
Eugyra  pilularis. 

Echinoderms, 

Ophioglypha  Sarsii. 
0.  robusta. 


Turritella  erosa. 
Margarita  obscura. 
M.  clnerea. 
Utriculus  pertenuis. 
Oylichna  alba. 
Philine  quadrata 
Entails  striolata. 


Y.  thradformis. 
Y.  obesa. 
Nucula  tenuis. 
N.  delphinodonta. 
N.  prozima. 
Crenella  glandula. 
C.  decussata. 
Modiolaria  nig^ 
M.  discors  (Invigata). 
M.  oorrugata. 
Mytilus  edulis. 
Pecten  tenuicostatus. 


lOphiopholis  aculeata. 


Hydroids. 

Sertularia   argentea    (on    Sertularellatrica8pidata(oii 
shells).  shells). 

Polyps. 

Edwardsia  farinacea  Y.      jCerianthus  borealis  V. 
E.  sipunculoides.  | 


not  separate  from  body,  obtusely  rounded.  Eyes  four,  small  and  not  very  distinct, 
the  two  pairs  widely  separate,  the  anterior  ones  near  the  anterior  end,  and  nearer 
together  than  the  others.  A  well-marked  transverse  groove  or  fold  is  situated 
between  the  two  pairs  of  eyes,  and  extends  around  to  the  ventral  side ;  probosds* 
orifice  terminal.  Color  of  body  dark  olive-green,  greenish  brown,  or  greenish 
black,  often  with  a  light  longitudinal  dorsal  stripe ;  head  greenish,  marked  with 
six  longitudinal  white  stripes  or  vittro,  which  radiate  from  the  terminal  orifice, 
and  extend  backward  to  the  transverse  furrow,  which  is  bordered  by  a  transverse 
band  of  white,  often  forming  a  whitish  ring  round  the  head ;  two  of  the  vittse  are 
dorsal ;  two  ventral ;  and  one  lateral  on  each  side ;  a  less  distinct  median  ventral 
one  is  sometimes  visible.     Length,  25™™  to  40™™ ;  diameter,  4™™  to  l^a™. 


Errata  for  No.  XXV. 


Page  439,  line  14,  for  Krogeri^  read  Kroyeri;  line  16,  for  Nychia  drroaa^  read 
Eanoe  (Erstedii;  line  24,  for  Iwkda^  read  nitidulwn. 

Page  440,  line  4,  for  sopotiUa,  read  sapotiUa;  line  9,  for  soliduUk,  read  aoHda; 
last  line  of  foot-note,  for  1870,  read  1780. 
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^RT.  X. — Note  on  Fossil  Woods  from  British  Columbia^  collected 
by  Mr.  Richardson;  by  Principal  Dawson,  LL.D.,  F.RS.* 

« 

In  my  note  of  last  year  on  the  plants  collected  by  Mr. 
iichardson  in  1872, 1  referred  to  specimens  of  fossil  coniferous 
rood  fix)m  the  coal-field  of  Nanaimo,  Vancouver  Island.  Mr. 
lichardson's  collections  of  1878  include  a  much  larger  number 
f  specimens  of  fossil  wood  from  the  Queen  Charlotte  Islands, 
iorris  Island  and  Hornby  Island,  all  of  them  apparently  from 
fesozoic  rocks,  and  many  of  them  associated  with  characteris- 
ic  marine  shells  of  Cretaceous  or  Jurassic  genera.  They  are 
rincipally  drift  trunks,  though  probably  from  not  very  distant 
and,  and  some  of  the  specimens  have  been  bored  by  Teredine 
Qollusks. 

Mr.  Weston,  the  lapidary  of  the  Survey,  has  prepared  up- 
rards  of  a  hundred  excellent  slices  of  these  fossils,  all  of  which 

have  carefully  examined,  with  the  following  general  re- 
ults : — 

L  Coniferous  Woods. — These  are  by  much  the  most  abund- 
nt  in  the  collection,  ranging  in  age  from  the  probably  Lower 
Jretaceous  or  Jurassic  beds  of  Queen  Charlotte  Island  to  the 
robably  Middle  and  Upper  Cretaceous  of  Vancouver  Island 
nd  Hornbv  Island.  They  may  all  be  referred  to  the  genera 
hpressoxylon  and  Taxoxylon,  or  in  other  words  are  allied  to  the 
lodem  Cypresses  and  Yews,  trees  which  range  with  very  little 
lodification  of  type  from  the  Mesozoic  to  the  modern  period. 

Cupressoxylon, — This  genus  is  characterized  bv  distinct  con- 
entric  rings  of  growth,  round  discs  or  bordered  pores  on  the 
-alls  of  the  fibers  in  one  or  two  series,  resin  cells  (which  are, 
owever,  often  very  obscure  in  the  fossil  specimens),  and  simple 
leduUary  rays. 

One  of  the  most  common  woods  of  this  type  in  the  collec- 
ons  from  the  Queen  Charlotte  Islands,  Vancouver  Island  and 
[omby  Island,  is  of  the  same  character  with  the  wood  of  the 
lodem  Sequoia  gigantea  of  California,  and  probably  belonged 
>  an  allied  tree. 

Another  from  Vancouver  Island,  with  two  rows  of  pores  on 
ach  fiber,  is  scarcely  distinguishable  from  specimens  of  the 
rdinary  California  Redwood,  in  the  collection  of  Prof.  Gray, 
f  Cambridge,  who  has  kindly  given  me  specimens  for  com- 
arison. 

Another  species,  difiering  from  the  above  in  its  very  short 
ledullary  rays,  and  having  one  row  of  pores  on  the  walls  of 
ae  fibers,  occurs  at  Queen  Charlotte  and  Vancouver  Islands. 

*  From  proof  received  in  advance  of  the  publication  of  the  article  in  the  Report 
!  the  Geological  Survey  of  Canada  for  1873. 
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Two  others,  with  well  developed  resin* cells,  and  one  row  of 
pores  on  the  fibers,  are  found  at  Vancouver  Island  alona 

I  do  not  think  it  necessary  to  attach  specific  names  to  these 
trees,  at  least  until  I  can  compare  them  with  more  complete  series 
of  woods  from  the  west  coast  It  is  sufficient  to  know  that 
they  indicate  several  species  of  Cypress-like  trees  not  very  dis- 
similar from  those  at  present  existing  in  the  region. 

Taxoxyhn. — This  genus  is  characterized  by  consecutive  lines 
of  growth,  by  wood-cells  with  spiral  fibers,  in  addition  to  the 
bordered  pores,  and  by  simple  medullary  rays. 

There  appear  to  be  in  the  collection  three  species  of  this  genus, 
two  from  Vancouver  Island  and  one  from  the  Queen  Charlotte 
Islands.  They  have  the  characters  of  modem  taxine  woods, 
modified  a  little  probably  by  the  long  maceration  in  water  which 
they  have  sustamed.  Many  of  the  modern  taxine  trees  are 
remarkable  for  the  toughness  of  their  fiber,  arising  apparently 
from  a  less  firm  lateral  adhesion  than  usual  of  the  wooay  fibers 
to  each  other,  and,  also,  perhaps,  from  the  pecularities  of  their 
ligneous  lining.  This  laxity  of  the  tissue  becomes  exaggerated 
in  the  water-soaked  fossil  specimens,  so  that  in  cross  section  the 
wood -cells  appear  as  if  round  within,  and  separated  by  inter- 
cellular spaces,  the  appearances  recalling  those  in  the  Devonian 
Prototaxites,  which,  however,  presents  them  in  a  still  more  ex- 
aggerated form.  The  study  of  these  more  modern  taxine  trees 
has  served  to  confirm  my  belief  in  the  interpretation  I  have 
given  of  the  Devonian  prototype  of  Taxinece. 

II.  Angiospermous  Exogens. — Wood  of  this  class  is  not 
so  abundant  in  the  collection  as  coniferous  wood  ;  but  it  is  of 
much  interest  as  exhibiting  the  existence  in  the  Cretaceous 
period  of  the  same  modifications  of  wood  which  exist  at  present, 
and  as  corresponding  with  the  leaves  of  exogenous  trees  found 
in  the  coal  formation  of  Nanaimo. 

Quercus. — Two  species  of  oak  occur  in  the  collection.  One 
is  from  the  Upper  Cretaceous  shale  of  Hornby  Island.  The 
other  is  from  the  Cretaceous  coal  field  of  Vancouver  Island,  at 
Trent  River  below  the  Falls,  or  according  to  Mr.  Richardson's 
sections,  about  3,000  feet  lower  than  the  Hornby  Island  beds. 

Quercus^  No.  1,  Hornb}'  Island. — This  has  very  large  medul- 
lary rays  of  many  series  of  cells,  the  ducts  small,  uniformly 
scattered  and  annular.  Of  the  species  with  which  I  have  means 
of  comparison,  it  most  nearly  resembles  Q.  ilex  of  the  south  of 
Europe,  but  has  larger  medullarv  rays.  The  specimen  is  a 
fragment  of  a  decorticated  stem  about  six  inches  in  diameter, 
and  to  the  naked  eye  has  much  the  appearance  of  a  blackened 
fragment  of  the  wood  of  Q.  suber, 

Quercus^  No.  2,  Vancouver  Island. — The  medullary  rays  are 
narrower  than  in  the  last,  and  more  dense.     The  ducts  are  more 
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collected  in  the  vicinity  of  the  rings  of  growth,  and  are  appar- 
ently dotted.     The  specimen  is  a  fragment  of  wood  in  a  noaule. 

Both  the  above  species  have  more  resemblance  to  European 
oaks  than  to  those  of  Eastern  America ;  and  unfortunately  I 
have  not  yet  been  able  to  procure  specimens  of  the  wood  of 
the  modem  oaks  of  British  Columbia  lor  comparison. 

Beiula  — One  specimen  from  Vancouver  Island,  a  fragment  of 
a  stem  about  three  inches  in  diameter,  and  with  a  very  smooth 
external  surface,  presents  the  characters  of  Birch  wooil,  and  is 
not  very  dissimilar  from  the  modern  Beiula  papyracea.  It  has 
clustered  ducts,  evenly  disposed  and  dotted  on  the  walls,  and 
thin-walled  wood  celts.  The  medullary  rays  are  narrow  and 
frequent,  of  about  three  rows  of  cells. 

PopiUus, — This  is  also  a  specimen  from  Vancouver  Island. 
It  is  a  small  knot  or  base  of  a  branch,  imbedded  in  a  nodule. 
Its  structure  is  not  dissimilar  from  that  of  Populus  halsamifera. 
The  wood  has  infrequent  scattered  ducts  and  delicate  medullary 
rays  of  one  series  of  cells.     Its  growth- rings  are  distinct 

These  woods  aflFord  an  additional  evidence  of  the  fact  already 
commented  on  by  Lesquereux  and  Newberry,  that  in  the  Cre- 
taceous period  tne  generic  types  of  American  trees  were  as 
well  marked  as  at  present;  and  they  are  further  curious  in  con- 
nection with  the  occurrence  of  workable  coal,  which  must  have 
been  accumulated  by  plants  thus  modern  in  aspect 

CycadEwE. — Cycadeocarpiis  (Dioonites)  Columbianus,  n.  sp. — 
This  is  a  large  and  beautiful  fruit,  showing  its  internal  structure, 
and  associated  with  fragments  of  petioles  and  leaves,  which, 
from  the  similarity  of  their  tissues,  i  regard  as  probably  belong- 
ing to  the  same  species.  I  shall,  therefore,  describe  under  this 
head  these  different  organs,  in  the  hope  that  future  discoveries 
may  make  good  iry  judgment  as  to  their  specific  identity. 

(I)  Fruit — Broadly  ovate  or  nearly  oval.  Surface  smooth, 
but  with  traces  of  indented  longitudinal  bands.  Apex  rounded 
or  obtusely  pointed.  Base  showing  a  broad  surface  of  attach- 
ment, with  a  ring  of  scars  of  about  twenty-two  fibrous  bundles 
which  probably  passed  upward  on  the  outer  rind.  Length  of 
largest  specimen,  5*25  centirn.  Largest  transverse  diameter, 
4*5  centim.  Length  of  a  smaller  specimen,  4  centim.  Largest 
traverse  diameter,  4*25  centim.  This  smaller  specimen  has 
probably  been  vertically  compressed. 

When  sliced,  it  shows  an  epicarp  (or  testa)  of  large  and 
rather  thick-walled  hexagonal  cells,  without  any  fibers  or 
vessels.  Within  this  is  a  narrow  structureless  ring  filled  with 
calcit^,  and  probably  a  result  of  shrinkage.  This  encloses  the 
endocarp  (or  tegmen),  which  is  thin  and  composed  of  fine  cells, 
and  apparently  lined  with  a  dense  membrane.     The  nucleus, 
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which  was   large,  has   entirely    disappeared,  its  place  being 
occupied  by  structureless  calcite. 

(2)  Petiole. — This  is  a  slightly  flattened  cylinder,  two  centi- 
meters in  diameter.  Externally  it  has  a  thin  bark  of  small 
elongated  cells,  arranged  in  little  groups  in  a  radial  manner. 
Within  this  is  a  continuous  tissue  of  hexagonal  cells,  interspersed 
with  what  seem  to  be  gum  or  proper  juice-cells,  darker  in  color, 
and  each  enclosed  in  a  sheath  of  smaller  cells.  This  cellular 
substance  is  traversed  by  about  45  bundles  of  fibers,  presenting 
in  the  cross  section  a  somewhat  Hippocrepian  arrangement 
Thirty  of  these  bundles,  in  the  cross  section,  form  a  circle  a 
little  within  the  bark — ^the  larger  bundles  being  at  the  lower 
side.  At  the  upper  side  is  one  bundle  larger  than  those  in  its 
vicinity  and  of  a  round  form,  and  from  either  side  of  this  the 
remaining  bundles  form  a  deep  loop  extending  considerably 
beyond  the  center  of  the  petiole.  Each  bundle  consists  of  fine 
fibers  radially  arranged  and  coarser  outside,  and  with  these  are 
from  one  to  five  lacunae,  which  in  the  longitudinal  section  seem 
to  be  oval  intercellular  spaces.  The  fibers  show  in  places  a 
delicate  transverse  or  pseudo  scalariform  marking  similar  to 
that  in  modem  Cycads. 

(3)  Leaves. — These  have  the  structure  well  preserved,  though 
in  a  fragmentary  condition.  The  fragments  are  parallel-sid«i, 
about  half  an  inch  wide,  thick,  and  traversed  by  strongly  de- 
veloped parallel  fibrous  bundles,  imbedded  in  delicate  cellular 
tissue.  Each  bundle  is  enclosed  in  a  sheath  of  dense  cells,  and 
some  of  the  fibera  show  the  barred  structure  already  mentioned 
Between  the  principal  bundles  are  secondary  nerves,  each  con- 
sisting of  a  single,  perhaps  laticiferous,  vessel.  The  epidermis 
is  composed  of  dense  irregular  cells.  The  structures  are  similar 
on  the  whole  to  those  in  the  pinnules  of  the  leaf  of  Dioon^ 
though  they  also  remind  an  observer  of  the  leaves  of  Yucca 
gloriosa. 

On  the  supposition  that  the  above  described  organs  belong  to 
one  and  the  same  plant,  it  had  no  doubt  a  thick  though  perhaps 
short  stem,  large  compound  leaves,  having  their  divisions  thick 
and  rigid,  with  parallel  veins,  fruits  or  large  naked  seeds,  sup- 
ported on  massive  peduncles,  or  sessile  on  a  common  peduncle, 
and  when  mature  furnished  with  a  thick  and  probably  dry 
cellular  coat.  No  true  vascular  structures  are  apparent  in  any 
of  the  specimens.  These  characters  would  point  to  the  Cycads; 
and,  perhaps,  nothing  of  this  kind  more  nearly  approaches  to 
the  fossil  than  the  modern  Dioon  edule  of  Mexico,  of  which 
this  may  be  regarded  as  a  Cretaceous  predecessor.  It  may,  I 
think,  very  properly  be  placed  in  the  genus  Dioonites,  creatied 
to  receive  certain  fossil  cycadeous  leaves  from  the  Mesozoic  of 
Europe.  The  fruit,  if  described  by  itself,  would  go  into  the 
genus  Cycadeocarpus. 
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The  specimens  are  from  the  Lower  Cretaceous  or  Jurassic  of 
Skidegate  Channel,  Queen  Charlotte  Islands. 

FiLiCEa — Pecapieris, — The  shales  of  Hornby  Island,  along 
with  many  obscure  vegetable  fragments,  contain  pinnse  of  a 
fern  approaching  in  outuiie  to  Pecopteris  PhiUipsii  of  the  Eng- 
lish Oolite,  though  of  much  smaller  size.  As  its  venation  is 
not  preserved,  I  think  it  best  not  to  give  it  a  name. 

The  fossils  from  the  Queen  Charlotte  Islands,  consisting  en- 
tirely of  Pines  and  Cvcads,  while  decidedlv  Mesozoic,  would 
indicate  a  somewhat  older  stage  than  the  others,  say  the  Juras- 
sic or  Lower  Cretaceous. 

The  fossils  from  the  coal-field  of  Vancouver  Island,  embrac- 
ing, in  addition  to  coniferous  trees,  both  wood  and  leaves  of 
several  species  of  Angiospermous  Exogens,  coincide  with  those 
of  the  Cretaceous  of  other  parts  of  America,  for  example,  of 
Nebraska 

The  fossils  from  Hornby  Island,  in  shales  believed  to  overlie 
those  of  Vancouver  Island,  are  also  Cretaceous ;  and  there  is 
nothing  to  preclude  their  belonging  to  the  upper  part  of  that 
systeoL 
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1.  On  the  Vapor-density  of  Potassium, — The  position  of  the 
alkali-metals  in  the  modern  chemistry  scale  of  equivalence  rests 
upon  the  assumption  that  the  molecule  of  these  metals  is  made  up 
of  but  two  atoms ;  and  hence  that  its  molecular  weight,  which  of 
course  is  twice  its  density,  is  double  its  atomic  weight.  To  test 
this  question,  Dewar  and  Dittmar  have  undertaken  to  determine 
the  density  of  potassium-vapor  experimentally.  The  great  diffi- 
culties to  De  overcome  are  sufficiently  obvious ;  but  after  several 
failures,  the  authors  succeeded  in  devising  the  following  practi- 
cable process  :  A  cylindrical  iron  bottle  of  200  cc.  capacity,  and 
sufficiently  rigid  to  maintain  its  shape  at  a  bright  red  heat,  is 
made  use  of,  a  curved  neck  well  ground  in,  and  pierced  with  a 
canal  2  mm.  diameter,  being  fitted  to  it.  For  a  bath,  20  kilos,  of 
zinc  are  placed  in  a  plumbago  crucible  in  a  forge  fire,  by  which 
the  zinc  can  be  brought  to  the  boiling  point.  The  bottle  is  first 
deoxidized  interiorly  by  a  cuiTent  of  dry  hydrogen  at  a  red  heat ; 
aft^r  partial  cooling,  200  grams  of  mercury  are  introduced,  and 
the  bottle  is  placed  in  the  red-hot  zinc.  After  three-fourths  of 
the  mercury  has  distilled  off,  the  neck  is  withdrawn,  and  an  iron 
test-tube  containing  4  or  5  grams  of  potassium  is  dropped  in.  The 
neck  is  then  replaced,  the  bottle  is  wholly  immersed  in  the  zinc, 
now  brought  to  boiling,  the  neck  being  kept  clear.     The  potassium 
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Yolatilizes  and  issueB  in  jets  of  vapor  into  the  air.  As  soon  as 
thi^  dbtillation  ceases,  the  nozzle  is  closed  hj  a  gronnd-in  wire,  and 
plunged  beneath  the  surface  of  mercury  in  a  test-tube.  The  bot- 
tle is  removed  from  the  zinc  and  allowed  to  cooL  As  soon  as  it 
can  be  handled,  it  is  placed  in  recently  boiled  water,  the  wire 
plug  is  removed,  and  the  hydrogen  formed  by  the  action  of  the 
potassium  on  the  water  pumped  out  by  a  Sprengel  pomp  and  care- 
rally  measured.  From  these  data  the  vapor-density  may  be  cal- 
culated. And,  although  the  method  needs  perfecting  and  there 
are  several  corrections  needed,  the  authors  ai*e  confident  that  the 
vapor-density  of  potassium  cannot  be  more  than  45  times  that  of 
hydrogen.  As  therefore  the  question  is  between  89  and  78,  the 
fact  that  it  cannot  exceed  45  makes  it  certain  that  the  molecule 
of  potassium  in  vapor  consists  of  two  atoms,— /Voc.  /?oy.  /Soc., 
xxi,  143,  April,  18Y3.  G.  f.  b. 

2.  On  the  Sydrocarhone  produced  by  the  soItUion  of  cast-iron 
in  acids. — In  the  November  number  of  this  Journal,  Mr.  F.  H. 
Williams  communicated  some  results  of  his  examination  of  the 
hydrocarbons  evolved  on  treating  cast  iron  with  acids.  We  have 
received  a  letter  recently  from  Mr.  H.  C.  Hahn,  now  of  Wyandotte, 
Michigan,  calling  attention  to  the  fact  that  he  made  a  similar  in- 
vestigation in  1864,  the  results  of  which  were  published  in  Liebig's 
Annalen.  The  portions  of  the  evolved  gases  which  were  absorb- 
able by  fuming  sulphuric  acid  or  bromine — amounting  in  the  case 
of  white  iron  to  1  •26-1*6,  and  in  the  case  of  gray  iron  to  0*36-0'28 
per  cent  by  volume — consisted  of  ethylene,  propylene,  batylene, 
amylene  and  caproylene,  as  was  proved  by  the  boiline  points,  the 
composition  and  the  other  properties  of  their  bromides.  Acety- 
lene was  not  detected.  The  gases  not  thus  absorbable,  which  were 
very  small  in  quantity,  gave  no  satisfactory  results  on  eadiometii- 
cal  analysis.  Undoubtedly  marsh  gas  was  present.  The  liquid 
products,  given  in  greater  quantity  by  white  than  by  gray  iron, 
proved  to  be  a  mixture  of  the  homologues  of  ethylene,  boiling 
between  110°  and  290°.  There  separated  out  also,  from  the  ferrous 
sulphate  solution,  on  treatment  with  water,  a  disagreeably  smell- 
ing oil,  which,  by  access  of  air  or  by  treatment  with  chlorine  wa- 
ter, became  brown  and  resinous.  The  dry  residue  of  the  iron,  in- 
soluble in  acids,  gave  to  alcohol  and  ether  a  yellow  color,  and 
there  was  dissolved  an  acid  substance  precipitable  by  lead  acetate. 
A  sulphur  product  was  also  observed.  It  is  a  noteworthy  fact 
that  in  Mr.  Williams's  experiments  in  which  strong  hydrochloric 
acid  was  used  to  dissolve  the  iron,  the  hydrocarbons  were  evolved 
in  the  form  of  chlorides;  while  in  Mr.  Hahn's,  in  which  the  acid 
was  diluted  with  two  parts  of  water,  they  were  evolved  uncom- 
bined. — Ann,  Chem,  Pharm,,  cxxix,  57,  1864.  g.  f.  r 

3.  On  the  Optical  properties  of  Cymenefrom  different  sources. 
— Gladstone  has  submitted  to  examination  eight  specimens  of 
cymene  obtained  by  Wright  from  widely  different  .sources.  The 
following  are  the  results  obtained : 
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Source  of  Cymene. 

Temp. 

8p.gr. 

BefracllTe  index.      | 

No. 

A. 

D. 

H. 

I 

flnnnm  nil- 

16** 

16" 

16' 

13' 

15-5' 

16' 

14-5' 

13* 

0-8569 
0-8566 
0-8630 
0-8605 
0-8638 
0-8621 
0-8424 
0-8620 

1-4819 
1-4775 
1-4799 
1-4835 
1-4834 
1-4852 
1-4706 
1-4816 

1-4901 
1-4851 
1-4876 
1-4916 
1-4909 
1-4935 
1-4776 
1-4888 

1-5173 
1-6111 
1-5146 
1-5196 
1-5187 
1-5218 
1-5021 
1-5172 

2  Preexisting  in  turpentine, 

3  "         "  mjristicenef 

4  From  hesperidene  dibromide,  I, 
6 '    "           "              "       n, 

6  "    camphor,  by  PCIa, 

7  "    myiistiool,  by  ZnCl,,  . .  _ 

8  "            "         "    PCI., 

From  these  experimental  data,  the  following  values  may  be  cal- 
culated ;  the  specific  refractive  energy  and  refraction-equivalent 
being  deduced  for  the  line  A,  and  the  specific  dispersion  being  the 
difference  between  the  specific  refractive  energies  for  A  and  H : 


1     Number. 

Specific  BefrftctlTC 

Specific 

Refraction- 

energy  for  A. 

Dispersion. 

eqolvalent  for  A. 

I 

0*5623 

00414 

75-3 

2 

0-5581 

0-0393 

74-7 

3 

0-6561 

0-0401 

74-6 

4 

0-6619 

0-0419 

75-3 

6 

0-5696 

0-0409 

760 

6 

0-6628 

0-0424 

76-4 

7 

0.5586 

00374 

74-8 

8 

0-6696 

0-0404 

760 

These  results  Gladstone  regards  as  practically  identical  and  as 
giving  the  mean  optical  data  for  cymene,  as  follows : — 

Specific  refractive  energy, 0*5699 

Specific  dispersion, 0*0406 

Refraction-equivalent, 76*0 

In  1870,  Gladstone  called  attention  to  the  fact  that  those  aromatic 
hydrocarbons  and  their  derivatives  which  had  been  optically 
examined  gave  a  refraction-equivalent  higher  by  six  or  eight  than 
the  theoretical  number.  Since  all  these  bodies  have  a  high  dis- 
persive power,  this  increased  retardation  was  supposed  to  be  due 
to  something  analogous  to  a  change  in  equivalence ;  i.  e.,  to  the 
fact  that  the  whole  of  the  carbon  atoms  were  not  combined  with 
two  of  hvdrogen  or  one  of  oxygen.  As  cymene  is  an  aromatic 
hydrocar\)on,  the  question  arises  :  can  it  be  prepared  from  bodies 
not  belonging  in  this  group ;  and  if  so  prepared,  will  it  retard 
light  similaiTy  ?  The  production  of  cymene  from  camphor,  from 
hesperidene  and  from  myristicol  by  Wright,  answers  the  first  part 
of  this  question  in  the  affirmative ;  the  above  tables  of  Gladstone, 
the  second,  likewise  affirmatively.  None  of  these  cyraenes  rotate 
a  polarized  ray ;  but  the  author  thinks  this  of  slight  moment, 
believing  this  property  to  be  dependent  not  upon  coiuposition, 
but  upon  peculiar  internal  structure.  Refractive  phenomena, 
however,  are  profoundly  connected  with  the  ultimate  composition 
of  bodies ;  hence,  from  the  above  results  it  may  be  inferred  that 
in  cymene  its  super-retardant  power  arises  from  the  fact  that  some 
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of  the  carbon  atoms  are  combined  with  less  than  two  hydrogen 
atoms  or  their  equivaleut. — J,  Chem,  Soc,^  II,  xi,  9Y0,  Oct.,  1873. 

G.  F.  a 

4.  On  the  Constitution  of  the  AUyl  compounds, — The  generally 

received  formula  for  ally  1  alcohol  is  CH2=:=CH CH,OH;  and 

hence  many  chemists  assign  to  crotonic  acid  derived  m>m  it,  the 
similar  formula 

CHain^CH-.-CHa — COOH. 

But  from  other  and  independent  evidence,  Eekul6  has  assigned 
to  crotonic  acid  the  formula 

CH3 — CH=:=CH-.-COOH. 

K  this  latter  formula  be  the  correct  one,  then  in  the  conversion  of 
allyl  alcohol  into  crotonic  acid,  a  change  in  the  position  of  the 
double  bond  miiting  two  of  the  carbon  atoms  takes  place.  Kekuls 
and  RiNNB  have  sought  to  ascertain  by  experiment  at  what  stage 
of  the  conversion  this  shifting  of  the  bonds  was  effected.  The 
allyl  alcohol — prepared  from  glycerin  by  means  of  oxalic  acid- 
was  converted  into  allyl  iodide.  That  no  change  in  structure 
occurred  at  this  point  was  proved  by  converting  the  iodide  into 
oxalate  and  from  this  regenerating  the  alcohol ;  it  was  found  to 
be  absolutely  identical  witn  that  originally  taken.  Allyl  cyanide 
was  then  carefully  prepared  Irom  the  iodide,  and  the  three  pro- 
ducts, the  alcohol,  iodide  and  cyanide,  submitted  to  oxidation. 
If  allyl  compounds  have  the  formula  ("Hg — CHr:=CHR,  oxida- 
tion both  by  chromic  and  by  nitric  acids  must  yield  acetic  and 
carbonic  acids,  and  in  the  case  of  the  cyanide,  nitnc  acid  must  pro- 
duce oxalic  acid.  If,  however,  this  formula  is  CH^^c^CH-.-CH^R, 
no  acetic  acid  will  be  produced,  but  formic  (or  carbonic)  and 
oxalic  acids,  and  from  the  cyanide,  malonic  acid  or  its  decomposi- 
tion products.  On  oxidizing  allyl  alcohol  with  chromii;  acid,  car- 
bonic gas  is  evolved,  and  formic  acid,  but  no  acetic,  is  produced. 
Nitric  acid  produces  carbonic  and  oxalic  but  no  acetic  acid.  Pre- 
cisely the  same  oxidation  products  were  yielded  by  the  iodide. 
The  cyanide,  however,  when  oxidized  by  chromic  acid,  gave  an 
abundance  of  acetic  acid,  and  by  nitric  acid,  oxalic  acid  in  addi- 
tion. These  experiments  prove  that  the  alcohol  and  the  iodide 
possess  the  same  structure,  corresponding  to  the  second  of  the 
above  formulas ;  while  the  cyanide  is  the  true  nitrile  of  crotonic 
acid,  possessing,  like  this  acid,  the  structure  shown  in  the  first 
formula  above  given.  A  structural  change  does  therefore  take 
place  when  the  iodide  becomes  cyanide,  and  crotonic  acid  has  the 
lorraula  assigned  to  it  originally  by  Kekul6. — Ber.  Berl.  C/ienu 
Oes.^  vi,  386,  April  g.  f.  b. 

5.  On  BrazUin  and  jResorcin, — Emile  Kopp  has  subjected 
brazil  in  to  a  new  investigation.  The  material  was  obtained  from 
the  dark  brownish-red  crusts  which  are  formed  in  considerable 
quantity  in  the  preparation  of  Brazil-wood  extract,  and  which  con- 
sist of  brazilin  and  a  calcium-brazilin  lake.  These  crusts  are 
rubbed  up  with  water  containing  5  per  cent  hydrochloric  acid, 
the  residue  washed,  and  then  boiled  with  water  containing  10  to 
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15  per  cent  of  alcohoL  On  cooling,  the  filtrate  deposits  beantifol 
yellowisb  crystals  of  brazilin,  which  are  pure  after  re-crystallization 
irom  hot  water.  The  wash-waters  and  mother-liquors  on  evapora- 
tion to  dryness  with  a  little  chalk,  yield  resorcin  on  dry  distilla- 
tion. Pure  brazilin  is  colorless  and  yields  colorless  solutions, 
which  scarcely  color  mordanted  cotton.  On  standing,  however, 
the  solutions  become  yellow  and  finally  reddish-yellow,  acquiring 
a  coloring  power ;  but  it  is  not  easy  to  obtain  crystallized  brazilin 
from  them  afterward.  In  dilute  soda  solution  brazilin  dissolves 
with  a  splendid  carmine  color ;  this  solution  heated  with  zinc  dust 
in  a  sealed  tube,  is  reduced  and  becomes  colorless ;  it  is  then  a 
most  delicate  test  for  oxygen,  the  smallest  trace  of  air  developing 
an  intense  carmine-red.  Submitted  to  dry  distillation,  brazilin 
affords  a  nearly  colorless  liquid  distillate,  which,  filtered  through 
a  wet  filter  and  concentrated  on  the  water-bath,  deposits  on  cool- 
ing large  nearly  colorless  crystals  of  resorcin.  The  author  recom- 
mends this  method  therefore,  as  the  best  by  which  to  prepare 
this  substance.  The  crystals  melt  at  98^-99^,  and  distil  uncnanged 
at  266^-267^  When  treated  with  filming  sulphuric  acid  in  excess, 
resorcin  gives  a  characteristic  reaction,  being  dissolved  at  first  with 
an  orange-yellow  color,  which  becomes  darker,  greenish-blue,  green, 
and  in  20  or  80  minutes,  a  most  magnificent  blue,  which,  warmed 
to  90**-100®,  becomes  a  splendid  purple.  On  dilution  with  water 
the  color  changes  to  yellowish-red,  which  becomes  deep  carmine- 
red  on  adding  sodium  hydrate,  the  solution  showmg  strong 
fluorescence.  Kopp  assigns  to  brazilin  the  formula  C^aHigO^  ; 
and  supposes  the  following  relation  to  exist  between  brazilin, 
hematoxylin  and  resorcin : — 

C,aH,,0,  +  H,0=  0,  ,H„0,+CeH,0. 

Brazilin.  Hematoxylin.         Beaorcln. 

—Ber.  BerL  Chem.  Ges.^  vi,  446,  April,  1873.  g.  p.  b. 

6.  On  the  synthesis  of  an  Isomer  of  Uric  acid, — Mitldkr  has 
re-investigated  the  constitution  of  uric  acid.  The  four  most  prob- 
able formulas  for  this  constitution  are  the  following : — 

.NCN-.-NH-.-CHa 
A.    Strecker'g.  CO'  [ 

^NH-.-00-.-CO 

NH-.-CO 


I 


B.    Erlemneyer'a.  (Jo       c(HN=:=Or:=NH 

NH-.-(io 


OO-.-NH-.-ON 

C.  Kolbe'8.  6h-.-H0 
(OxymaloDcyanMnlde).      I 

fcO-.-NH-.-CN 

^NH-.-CO. 

D.  Mulder's  00 ;'  *^CH-.-NH-.-CN 
(Dlalorcyanamide) .                \  NH- .  -CO  '* 
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The  decomposition  of  uric  acid  into  dialuric  acid — which  passes 
into  alloxantin  and  alloxan  by  oxidation — by  the  action  of  nitric 
acid,  makes  formulas  B  and  D  the  most  probable.  Indeed,  if 
cyanamide  is  NHj--CN,  dialurcvanamide  is  represented  by  D,a8 
aoove;  but  if  cyanamide  be  really  carbodiimiae,  NH=:-C=:-NH, 
then  the  same  substance  has  the  constitution  given  in  B.  Mulder 
has  attempted  the  synthesis  of  uric  acid  on  the  suppomtion  that 
its  constitution  was  represented  by  one  of  these  two  formulas. 
Starting  from  the  well-Known  fact  that  alloxantin,  by  the  action 
of  ammonia,  gives  dialuramide  and  alloxan,  he  assumed  that  by 
the  action  of  cyanamide,  it  would  give  dialurcyanamide  and 
alloxan,  according  to  the  empirical  equation : 

C.H^N^O,  +  H.N.CN  =  C.H^N^Oa  +  C^HaN.O^. 

Cyanamide  was  carefully  prepared  by  the  action  of  ammonia 
gas  upon  an  etherial  solution  of  cyano^n  bromide.  Alloxantin 
was  prepared  by  reducing  alloxan  with  H^S.  Two  grams  allox- 
antin were  dissolved  in  as  little  water  as  possible  and  one  gram 
cyanamide,  also  dissolved  in  a  minimum  quantity  of  water,  was 
added  and  the  two  boiled  together.  Presently  a  heavy  polveni- 
lent  precipitate  formed,  recalling  uric  acid,  and  weighing  0*7 
grams.  it  afforded  on  analysis  the  formula  of  uric  acid, 
C^H.N^Oj.  Alloxan  wus  detected  in  the  filtrate,  showing  that 
the  above  reaction  took  place.  Two  grams  of  this  powder  were 
dissolved  in  potassium  hydrate.  On  addins  hydrochloric  acid 
a  gelatinous  precipitate,  resembling  that  of  unc  acid,  was  pro- 
duced. But  unlike  this  it  did  not  become  crystalline  on  adding 
an  excess  of  acid  and  warming.  The  potasb  solution  gives  a 
black  precipitate  with  silver  nitrate,  like  uric  acid.  Though  also 
almost  insoluble  in  water,  it  possesses  like  uric  acid  a  weak  acid 
reaction.  Mulder  proposes  provisionally  the  name  isourir.  acid 
for  the  new  substance,  and  suggests  that  in  true  uric  acid  the 
hydrogen  atom  now  in  the  lateral  chain  may  be  united  to  CH,  thus: 

.NH-.-OO— CH, 

co;  i 

— -Ber,  J^erL  ChwK  (?«.,  vi,  1233,  Nov.,  1873.  g.  f.  a 

7.  On  the  Condefiaati09h  of  Gaseat  atui  Liquids  bif  Wix^d-char- 
coo/.  Therfnie  phe9ionieMa  pnnhictd  on  the  co/ttact  of  Liquids 
and  ("AtiAVKi/.  Liqtu/iWtioh  of  the  amdensed  gases;  by  M. 
Mklskns, — Absorption  of  ohlorino  by  woo<l- charcoal  may  go  on 
until  it  rv^pn^Si^ntii  a  woiijht  of  chlorine  equal  to  that  of  the  char- 
Civil;  vxMi#ev]uently  tho  oondonsiug  force  of  the  latter  may  serve 
to  r^aliie  tho  liquofaclion  of  the  non-|>ermanent  gases. 

Charv\>al  put  into  a  tuW  similar  to  Faraday^s  A-shaped  tube  is 
$atunit<Hl  with  ohlorino,  Tho  two  oxtromities  of  this  siphon  tube 
beiuiT  then  seaKnl  at  the  lamp,  if  tho  long  branch  of  the  tube  be 
hoattxl  in  a  w^tor-l^lh  of  iH^linir  water,  and  the  short  branch  be 
dipjH\i  into  a  tVwain^r-uiixiuro,  a  vv^nsidorable  quantity  of  chlorine 
Waves  the  charcoal  ;Mui  rosumi^  tho  gasoi^us  state ;  and  under  the 
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inflaence  of  the  pressure  developed,  this  gas  liquefies  in  the  cooled 
short  branch. 

I  have  in  this  way  obtained  several  cubic  centimeters  of  pure 
liqui<l  chlorine.  On  taking  the  tube  out  of  the  bath,  the  liquid 
chlorine  commences  spontaneous  ebullition,  and  again  condenses 
on  the  charcoal,  while  the  short  branch  becomes  covered  with  a 
frost.  This  succession  of  phenomena  can  be  reproduced,  so  to 
say,  indefinitely ;  and  the  experiments,  easy  to  perform  at  publio 
lectures,  permit  the  audience  to  observe  the  various  phases. 

Although  I  can  only  consider  my  experiments  a  trial,  I  have  ex- 
tended them  to  the  liquefaction  of  several  gases  absorbed  by  the 
charcoal  when  cold  and  disengaged  by  a  temperature  not  rising 
above  1 00°  C. : — chlorine,  ammonia,  sulphurous,  hydrosulphuric 
and  hydrobromic  acids,  chloride  of  ethyle  and  cyanogen.  The 
liquefaction  of  each  of  these  gases  can  be  demonstrated  in  lec- 
tures when  explaining  the  history  of  those  bodies. 

Reflecting  on  the  feeble  thermic  effects  ascertained  by  Pouillet 
when  pulverulent  mineral  matters  are  soaked  with  water,  oil,  alco- 
hol or  acetic  ether,  and  on  the  somewhat  greater  effects  exhibited 
when  the  same  liquids  are  abHorbed  by  organized  substances,  I 
asked  myself  if  we  could  not  succeed  in  ascertaining  pronounced 
thermic  effects  by  placing  in  contact  with  cellules  of  charcoal 
liquids  which  do  not  act  upon  it — water,  alcohol,  ordinary  ether, 
sulphide  of  carbon  and  bromine. 

The  experiments  exceeded  my  expectation.  For  example, 
with  one  part  of  charcoal  and  from  seven  to  nine  parts  of  liquid 
bromine,  the  rise  of  temperature  exceeds  30°  C,  operating  on  only 
from  five  to  ten  grams  of  charcoal. 

With  charcoal  well  freed  from  gas,  heated  and  cooled  in  vacuOy 
the  heating  due  to  tl)e  imbibition  of  bromine  would  doubtless  be 
much  more  considerable. 

The  volatile  liquids  condensed  in  the  pores  of  the  charcoal  (bro- 
mine, cyanhydric  acid,  sulphide  of  carbon,  ordinary  ether  and 
alcohol)  are  not  expelled,  or  only  partially,  by  a  temperature  of 
100°  C.  at  the  ordinary  pressure.  I  made  the  experiment  with  a 
Faraday  tube,  operating  as  described  for  the  liquefaction  of  the 
gases.  A  tube  filled  with  charcoal  saturated  with  alcohol  does 
not  permit  any  to  distil  at  100°. 

[The  tubes  were  exhibited  to  the  Academy ;  and  with  them  the 
principal  experiments  (the  liquefaction  of  chlorine,  cyanogen,  <fec.) 
nave  been  repeated  in  the  laboratory  of  the  ficole  Cent  rale. 
The  condensation  of  liquid  bromine  by  charcoal,  effected  upon 
a  few  grams,  gave  rise  to  a  brisk  rise  of  temperature,  the  mixture 
passing  in  a  few  minutes  from  20°  to  45°.] — Comptes  Bend%LS  de 
PAcadimie  des  Sciences^  Oct.  6,  1873.     Phil,  Mag.^  IV,  Ivi,  410. 

8.  Rapidity  of  Petonation, — Prt)l  Abkl  and  Mr.  E.  O.  Brown 
have  during  the  past  ten  years  conducted  a  series  of  experiments 
on  gun-cotton  or  pyroxilin,  which  serve  to  show  us  how  much  we 
have  still  to  learn  of  the  properties  of  this  material.  Its  energy 
of  explosion  varies  with  the  way  iu  which  it  is  inflamed;  thus,  if 
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gently  ignited  by  a  Bpark,  the  cotton,  in  the  form  of  yam,  Bmouldere 
slowly  away ;  when  set  on  fire  by  a  flame,  it  bums  up  rapidly ;  if 
in  the  form  of  a  charge  it  is  ignited  in  a  mine  or  fire-arm,  it  ex- 
plodes like  gunpowder  similarly  placed,  while,  lastly,  if  fired  with 
freat  violence  with  a  few  grams  of  fialminate  of  mercury,  it  is 
etonated  with  as  much  force  and  with  the  same  terrible  effect  as 
its  instigator. 

More  recently,  our  investigators  have  succeeded  in  exploding 
gun-cotton  to  the  best  advantage,  when  damp ;  and  in  this  state 
the  explosion  is  every  bit  as  violent  as  when  the  material  is  dry. 
This  discovery  is  of  the  utmost  importance,  as  when  very  wet,  gun- 
cotton  is  not  only  non-explosive,  but  positively  non-inflammable. 
In  fact  it  would  be  as  serviceable  as  a  wet  towel  in  extinguishing  a 
fire.  When  placed  in  contact,  however,  witli  a  cake  of  dry  gun- 
cotton  to  start  the  action,  and  ignited  by  a  little  fulminate  of 
mercury,  it  explodes  with  the  utmost  violence.  Moreover,  the 
amount  of  water  makes  no  difference,  for  it  has  been  found  that, 
for  submarine  mines,  compressed  cakes  enclosed  in  a  fishing-net 
and  thrown  overboard,  with  a  dry  primer  and  a  fulminate  fuse, 
will  explode  with  just  as  much  energy  as  when  confined  in  a 
water-tight  steel  case. 

If  a  line  of  gun-cotton  cakes,  placed  so  as  to  touch  each  other, 
are  detonated  at  one  end,  the  explosion  will  travel  with  a  velocity 
exceeding  anything  we  are  cognizant  of,  with  the  exception  of  light 
and  electricity.  In  one  experiment,  forty-two  feet  of  the  material 
was  fired,  and  the  velocity  measured  for  every  six  feet  by  a  Noble's 
chronoscope.  In  this  case  the  results  were  most  uniform,  for  the 
velocity  only  varied  from  nineteen  to  twenty  thousand  feet  per 
second. — Nature,  p.  534,  Oct.,  1 8Y8.  e,  a  p. 

9.  Ifeat  generated  by  the  absorption  of  hydrogen  by  pkUinum 
black, — M.  Favre  claims  that  the  hydrogen  set  free  by  electrolysis 
is  active,  and  that  in  passing  into  the  ordinary  gaseous  condition 
it  sets  free  about  4600  units  of  heat.  This  heat  not  being  trans- 
missible to  the  circuit,  he  calls  the  class  of  phenomeiia  to  which 
this  allotropic  change  of  hydrogen  he\ongs,meta-^ectrolytic. 

The  action  of  the  platinum  black  on  hydrogen  differs  from  that 
of  sheets  of  palladium.  When  the  gas  is  introduced  in  successive 
amounts  in  contact  with  the  platinum  black,  until  the  point  of 
saturation  is  reached,  the  heat  set  free  is  not  constant  for  equal 
volumes  of  gas  absorbed,  as  is  the  case  with  palladium.  Thus  for 
one  grain  of  active  hydrogen  set  free  by  the  electrolysis  of  sul- 
phuric acid,  and  condensed  by  the  palladium,  the  first  experiment, 
gave  8,938  units  of  heat,  and  the  seventeenth  9,167.  For  the  con- 
densation of  common  gaseous  hydrogen,  on  the  contrary,  the 
amount  of  heat  grew  less  and  less,  being  23,075  units  in  the  first 
experiments  and  only  13,528  in  the  fourth.  The  hydrogen  con- 
densed by  the  palladium  seems,  therefore,  to  spread  uniformly 
throughout  the  whole  mass  of  the  metal,  forming  with  it  a  true 
alloy,  while  the  hydrogen  condensed  by  platinum  black  seems  to 
distribute  itself  like  carbonic  acid  or  ammonia  in  wood-charcoal, 
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that  is,  forming  layers  less  and  less  dense,  starting  from  the  sur- 
face of  the  metal.  Consider  now  what  takes  place  when  sulphuric 
acid  is  decomposed  by  a  couple  of  zinc  and  palladium ;  ana  by  a 
similar  couple  of  zinc  and  platinum.  In  the  nrst  case,  the  hydro- 
gen is  absorbed  directly  by  the  palladium,  and  sets  free  9,000  units 
of  heat,  which  may  be  regarded  as  the  expression  of  the  heat  due 
to  the  combination  of  hydrogen  in  the  active  and  liquid  condition 
with  solid  palladium,  to  form  an  alloy  when  the  gas  passes  into 
the  solid  condition  without  ceasing  to  be  active.  It  is  no  longer 
the  same  when  hydrogen  having  the  same  origin  is  set  free  in  the 
presence  of  platinum.  In  this  case,  the  active  hydrogen  emerg- 
ing from  combination  in  the  condition  of  a  true  explosive  body, 
undergoes  an  allotropic  modification  and  is  transformed  into  ordi- 
nary hydrogen  in  the  liquid  condition.  The  amount  of  heat  dis- 
engaged by  this  change  is  so  great  that  the  calorimeter  shows 
about  4,600  units,  notwithstanding  the  absorption  of  heat  due  to 
the  passage  of  the  hydrogen  so  formed  from  the  liquid  to  the  gas- 
eous state. 

About  20,700  units  of  heat  are  generated  by  the  union  of  the 
hydrogen  with  platinum  black,  and  adding  this  to  the  4,600  given 
above,  gives  25,300  as  the  amount  which  would  be  disengaged  if 
the  hydrogen  did  not  undergo  a  transformation  before  its  conden- 
sation by  the  platinum,  at  the  surface  of  which  it  would  cease  to 
be  in  the  active  condition.  The  hydrogen,  active  and  liquid,  which 
disengages  only  9,000  units  of  heat  in  uniting  with  the  palladium, 
ought  necessarily  to  remain  in  the  active  condition  and  to  form 
with  this  metal  a  true  explosive  alloy  capable  of  disengaging 
14,000  units  of  heat  by  its  accomposition. 

Finally,  the  thermal  phenomena  accompanying  the  composition 
and  decomposition  of  water  are  not  so  simple  as  we  should  at  first 
believe.  Starting  with  the  constituent  elements  in  their  ordinary 
condition,  the  quantity  of  heat  shown  by  the  calorimeter  is  the  alge- 
braic sum  of  the  numbers  furnished  by  the  following  phenomena: 
Ist.  Passage  of  the  oxygen  and  hydrogen  from  their  ordinary 
gaseous  condition.  2d.  Combination  of  these  elements  thus  modi- 
fied. 3d.  Passage  of  the  vapor  of  water  to  its  liquid  condition. — 
Coniptes  JRendus,  666,  Sept.  22d,  1873.  e.  c.  p. 

10.  A  new  Thermo- Electric  BtUtery. — M.  Clamond  has  con- 
structed a  new  form  of  thermo-electric  battery,  which  gives  a  nearly 
constant  current  as  long  as  the  temperature  remains  unchanged. 
Formerly,  with  Mr.  Mure,  he  constructed  batteries  of  galena  ;  but 
they  did  not  last,  and,  after  some  hours,  or  at  most  some  days, 
the  current  diminished,  and  finally  ceased  entirely.  An  examination 
shows  that  the  passage  of  the  electric  current  finally  decomposes 
the  galena  ;  hence  a  change  takes  place  in  the  structure  of  the  bars, 
their  interior  resistance  increases,  and  the  electro-motive  force 
diminishes.  Further,  the*  galena  decomposes  in  streaks,  and  con- 
sequently after  some  time  unequal  expansion  takes  place  in  the 
bar,  causing  it  to  crack,  and  thus  shortly  rendering  it  useless.  In 
the  new  batteries  these  difficulties  are  completely  overcome,  the 
chemical  and  molecular  condition  of  the  bars  remaining  absolutely 
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the  same.  They  have  been  tested  for  ten  months  by  Mr.  Michel, 
at  the  physical  laboratory  of  the  Sorbonne,  and  as  a  result  it  is 
found  that  their  electro-motive  force  and  resistance  do  not  undergo 
the  least  change,  as  long  as  they  are  heated  to  a  constant  tem- 
perature. 

When  heated  by  a  gas  burner,  they  form  a  very  convenient 
source  of  electricity  for  the  laboratory,  only  requiring  a  match  to 

Eut  them  in  action,  while,  when  constructed  on  a  larger  scale  and 
eated  by  a  coal-burning  furnace,  they  form  an  excellent  source 
of  a  powerful  and  constant  current  of  electricity,  for  plating  or 
other  purposes. — Les  Mondes^  231,  Oct.  9th,  1878.  e.  c.  p. 

IL  Geology  and  Natural  History. 

1.  Decomposition  of  CryatcUline  Rocks  ;  by  T.  Sterry  Hunt. — 
Dr.  T.  Sterry  Hunt  gave  some  account  of  the  crystalline  rocks  of 
the  Blue  Ridge  and  their  decomposed  condition,  as  seen  by  him 
at  various  points  in  the  region  to  the  southwest  of  Lynchburg, 
Va.  They  are  principally  gneisses  with  homblendic  and  mica- 
ceous schists  like  those  of  the  Montalban  or  White  Mountain  series, 
and  are  completely  decomposed  to  a  depth  of  fifty  feet  or  more 
from  the  surface,  oeing  changed  into  an  unctuous  reddish  brick- 
clay,  in  the  midst  of  which  the  interbedded  layers  of  quartz  are 
seen  retaining  their  original  positions,  and  showing  the  highly  in- 
clined attitude  of  the  strata.  In  the  adit  of  a  mine,  where  the 
rocks  had  been  penetrated  to  a  considerable  distance,  the  coarsely 
feldspathic  gneiss  was  found  completely  kaolinized,  but  free  from 
the  ferruginous  coloring  of  the  surface,  while  farther  in,  after  pass- 
ing through  a  partially  decomposed  portion,  the  hard,  unchanged 
rocks  were  met  with.  A  similar  decomposition  of  the  gneissic  and 
granitic  rocks  in  Brazil,  extending  to  a  depth  of  one  hundred  feet, 
has  been  well  described  by  Hartt,  and  is  known  in  many  other 
regions.  The  speaker  noticed  the  permeable  nature  of  the  surface 
soil  thus  formed  of  inclined  clayey  strata,  which  afford  a  natural 
subterranean  drainage  and  prevent  the  accumulation  of  water  in 
pools  and  lakes. 

The  nature  of  these  chemical  changes  of  the  gneissic  and  hom- 
blendic rocks  was  next  considered.  It  consisted  essentially  in  the 
removal,  in  the  form  of  soluble  carbonates,  of  the  alkalies,  lime 
and  magnesia  of  the  silica  ted  minerals  and  the  hydratation  of  the 
residues.  The  iron-oxide  from  these  has  also  been  in  great  part 
dissolved  out  by  subsequent  processes,  and  was  the  source  of  the 
immense  deposits  of  hydrous  iron  ores  which  are  found  at  the  foot 
of  the  barrier  range  of  the  Blue  Ridge  throughout  the  Appalachian 
Valley. 

The  great  antiquity  of  this  chemical  decomposition  of  the  rocks 
was  next  alluded  to.  It  was,  in  his  Opinion,  effected  at  a  time 
when  a  highly  carbonated  atmosphere  and  a  climate  very  different 
from  our  own  prevailed.  That  this  decomposition  had  extended 
to  the  crystalline  rocks  to  the  northeastward  he  did  not  doubt; 
and  he  ascribed  the  absence  of  decomposed  rocks  from  these  regions 
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to  a  process  of  denudation  during  successive  ages,  which  culmin- 
ated at  the  time  of  the  submergence  of  the  northeastern  Appala- 
chians at  the  end  of  the  Pliocene  period,  when  the  remaining 
softened  material  was  swept  away  by  the  action  of  water  and  ice, 
and  the  hard,  unchanged  rocks  beneath  were  exposed  and  gla- 
ciated ;  since  which  time  the  chemical  decomposition  of  the  sur- 
face has  been  insignificant. 

As  we  proceed  south  westward  from  New  York  we  find  that  the 
partially  decomposed  and  disintegrating  portion  of  these  rocks 
which,  in  the  Blue  Ridge,  lies  beneath  the  clays,  has  escaped 
denudation,  and  we  at  length  reach  the  region  in  Southern  Vir- 
ginia and  Carolina,  where  these  clays,  the  result  of  complete  de- 
composition, are  seen  in  nearly  vertical  strata  forming  the  super- 
ficial soil.  These  ancient  clays,  formed  by  the  sub-aenal  decay  of 
the  crystalline  feldspathic  and  hornblendic  rocks  of  the  great 
Ek>zoic  continental  areas,  were,  according  to  the  speaker,  the 
source  of  the  argillaceous  strata  of  the  Cenozoic,  Mesozoic  and 
Paleozoic  periods,  and  in  the  heights  of  the  southern  Appalachians 
we  have  still  remaining  a  portion  of  that  Eozoic  land,  which  has 
stood  throughout  all  these  ages,  undenuded,  unglaciated,  unsub- 
merged,  and  from  its  peculiar  nature  (being  composed,  as  already 
described,  of  highly  inclined,  porous  and  permeable  strata,  sup- 
porting an  abundant  vegetation),  but  little  subject  to  the  degrad- 
mg  influences  of  atmospheric  waters. —  Boston  Soc,  Nat,  iTist., 
Oct.,  Ib73. 

*2.  Geoh)gical  Survey  of  Missouri:  Raphael  Pumpelly,  Di- 
rector. Preliminary  Report  on  the  Iron  Ores  and  Coal  Fields^ 
from  thejieldwork  of  1872.  442  pp.  large  8vo,  with  190  illustrations 
in  the  text,  and  an  Atlas.  Printed  by  the  authority  of  the  Legis- 
lature of  Missouri.  New  York,  1873  (Julius  Bien). — ^The  Geologi- 
cal Survey  under  Prof.  G.  C.  Swallow,  begun  in  1853,  was  suspended 
in  1861,  in  consequence  of  the  war,  without  the  publication  of  a 
general  report  of  the  results  which  had  been  obtained.  One  im- 
portant volume  of  nearly  460  pages  had  been  published  in  1866  ; 
and  besides  this,  only  brief  annual  reports  for  1867, 1859  and  1861. 
The  new  survey,  of  which  the  Report  just  now  issued  is  the  first 
published  result,  was  inaugurated  in  J 871,  when  a  "Mining, 
Metallurgical  and  Geological  Bureau"  for  the  State  of  Missouri 
was  organized.  In  1 872,  the  Survey  was  commenced  under  Prof. 
Pumpelly,  with  the  following  assistants :  G.  C.  Broadhead,  R. 
Chauvenet,  Prof.  W.  B.  Potter,  J.  R.  Gage,  Dr.  A.  Schmidt, 
W.  E.  Guy,  C.  J.  Norwood  and  A.  Leonhard. 

This  first  volume  of  the  Reports  contains,  in  Part  I,  a  very  full 
and  valuable  account  of  the  Pilot  Knob  and  other  iron  regions 
of  the  State,  and  their  products.  It  commences  with  a  chapter 
on  the  Geology  of  Pilot  Knob  and  its  vicinity  by  Prof.  Pumpelly. 
This  is  followed  by  analyses  of  fuels  by  R.  Cnauvenet,  and  of  iron 
ores  and  pig  irons  by  A.  A.  Blair.  Next  follows  a  thorough  dis- 
cussion of  the  distribution,  modes  of  occurrence,  and  characters  of 
the  iron  ore-beds  or  deposits,  by  Dr.  Schmidt. 

Prol  Pumpelly  states  in  his  report  that  the  ArchsBan  rocks  of 
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Pilot  Knob  are  stratified  ^^  on  an  immense  scale,''  and  have  the 
average  strike  N.  60°  W.  (true  course),  with  the  dip  to  the  south- 
west. The  rocks  include  granites  and  felsitic  porphyries  and  por- 
phyry-conglomerates. The  ArchsBan  ridges  of  southeastern  Mis- 
souri are  an  extension  of  the  Ozark  range,  rising  like  islands  through 
the  Lower  Silurian  strata.  Pilot  Knob  is  1,112  feet  high  above 
St.  Louis,  662  feet  above  its  base,  and  1,521  above  tide.  It  con- 
sists at  top  of  a  stratum  of  porphyry-conglomerate  140  feet  thick, 
the  pebbles  cemented  by  iron  ore.  The  ore-bed  below  is  46  feet 
thick,  and  is  divided  by  a  layer  of  slate  10  inches  to  8  feet  thick; 
the  ore-bed  rests  on  clay-slate,  below  which  there  is  a  red  jaspery 

Sorphyry,  and   other  porphyritic  rocks.     The  ore  is  hematite, 
[any  details  of  great  interest  are  contained  in  the  several  reports 
on  the  iron-region,  of  which  Dr.  Schmidt^s  occupies  160  pages. 

Part  II,  or  the  following  part  of  the  volume,  is  devoted  to  geo- 
logical reports  on  the  Coal-measures  of  the  State,  and  on  the  geol- 
ogy of  several  of  the  northwestern  counties,  by  G.  C.  Broadhead ; 
a  report  on  Lincoln  County,  by  Prof.  Pollen ;  a  report  on  the 
strength  of  building  materials,  by  C.  A.  Smith ;  and  a  list  of  fossils 
from  the  Coal-measures,  by  C.  J.  Norwood. 

According  to  Mr.  Broadhead,  the  Coal-measures  of  the  State 
cover  an  area  of  about  22,995  square  miles,  including  1 60  square 
miles  in  St.  Louis  County,  8  in  St.  Charles,  and  a  few  outliers  in 
Lincoln  and  Warren,  and  the  remainder  in  northwestern  and 
western  Missouri.  The  above  area  includes  8,406  square  miles  of 
Upper  or  Barren  Coal-measures,  about  2,000  of  exposed  Middle, 
and  12,420  of  exposed  Lower  Coal-measures.  The  area  over 
which  there  are  coal  beds  18  inches  thick,  within  200  feet  of  the  sur- 
face, is  about  7,000  square  miles  in  extent.  The  maximum  thick- 
ness of  the  Coal-measures  is  1,887  feet.  Mr.  Broadhead  has  illus- 
trated his  excellent  reports  by  numerous  sections ;  they  also  con- 
tain many  analyses  of  the  coals,  by  Mr.  Chauvenet. 

The  Atlas  of  the  Report,  in  large  folio,  includes  a  topographical 
map  of  the  Pilot  Knob  region;  another  showing  its  geology; 
another  illustrating  the  magnetic  character  of  the  region ;  a  map 
showing  the  distribution  of  the  iron  ores  of  the  State ;  a  geologi- 
cal map  of  Lincoln  County;  another  of  northern  Missouri;  besides 
various  plates  of  geological  sections.  All  are  well  engraved,  and 
very  neatly  and  tastefully  colored.  The  volume  throughout  is  an 
excellent  commencement  of  the  series  of  reports  which  may  be 
expected  from  the  survey  now  in  progress. 

Prof.  Pumpelly  having  resigned  the  charge  of  the  Sui'vey,  Mr. 
G.  C.  Broadhead  has  been  appoitited  State  Geologist. 

3.  Heturn  of  Professor  Marsh's  Expedition, — Prof.  ^Marsh  and 
party  returned  to  New  Haven,  Ncn^ember  7th,  after  an  absence  of 
five  months  in  the  Rocky  Mountain  region  and  on  the  Pacific 
Coast.  The  present  expedition  had  the  same  object  in  view  as 
those  of  previous  years,  viz:  a  study  of  the  vertebrate  fossils  of 
the  west,  especially  those  of  the  Cretaceous  and  Tertiary  formations. 
The  first  explorations  this  year  were  made  in  the  Pliocene  deposits 
near  the  Niobrara  River.     The  party  fitted  out  in  June  at  Fort 
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HcPherson,  Nebraska,  and,  accompanied  by  an  escort  of  two  com- 
panies of  U.  S.  cavalry,  proceeded  to  the  Niobrara,  and  worked  in 
that  country  for  several  weeks.  Owing  to  hostile  Indians,  the  ex- 
plorations of  the  party  here  were  attended  with  much  difficulty 
nnd  danger,  but  were  on  the  whole  quite  successfal.  Many  new 
animals  were  discovered,  and  ample  material  secured  for  a  ndl  in- 
vestigation of  those  previously  known  from  that  region. 

A  second  expedition  was  made  in  August  from  Fort  Bridger, 
Wyoming,  and  large  collections  of  Eocene  fossil  vertebrates  were 
obtained,  especially  of  the  IHnocerata  and  Quadrumana^  which  had 
first  been  brought  to  light  by  the  researches  of  the  party  in  pre- 
viona  years.  A  third  trip  was  made  in  September  to  the  Tertiary 
beds  of  Idaho  and  Oregon,  where  some  interesting  discoveries 
were  made.  The  party  went  from  Oregon  to  San  Francisco  by 
sea,  narrowly  escaping  shipwreck,  and  then  returned  east  by  rail. 
On  the  way,  short  visits  were  made  to  localities  in  the  Miocene  of 
Colorado,  and  Cretaceous  of  Kansas,  to  'complete  investigations 
began  last  year.  The  expedition  as  a  whole  was  very  successful, 
not  merely  on  account  of  the  large  number  of  new  animals  discov- 
ered, but  also  on  account  of  the  extensive  collections  made  to  com- 
plete the  study  of  those  previously  found.  All  of  the  collections 
secured  are  now  in  the  Museum  of  Yale  College. 

4.  Contributions  to  American  Botany  ^  by  Sebbno  Watson. 
I,  n  and  UI,  1873. — Although  these  important  papers  have  been 
somewhat  freely  distributed  among  botanists,  yet  it  may  be  use- 
ful here  to  note  their  contents,  and  to  state  where  copies  may 
be  obtained.  These  and  almost  all  similar  publications,  separate 
issues  of  articles  contributed  to  scientific  journals  and  proceedings 
of  societies,  may  be  had  from  the  Naturalists'  Agency,  Salem, 
Mass.  The  great  convenience  of  such  a  medium,  and  its  impor- 
tance in  saving  time,  trouble  and  expense,  are  beginning  to  be  a)>- 
preciated. 

Mr.  Watson's  Contribution  No.  1  consists  of  recent  cleanings 
from  a  field  from  which  he  gathered  the  first  harvest  in  his  botani- 
cal exploration  along  the  40th  parallel  under  Clarence  King.  The 
great  demand  for  the  fine  quarto  volume,  in  which  the  results  of 
his  own  botanical  explorations  through  Nevada  and  Utah  are 
contained,  gives  some  idea  of  the  value  of  the  work.  Two  recent 
collections,  made  in  a  more  southern  district,  viz :  one  by  F.  Bis- 
choff  in  Lieut.  Wheeler's  exploration  in  1871-72,  and  one  by  Mrs. 
Ellen  P.  Thompson,  who  accompanied  her  brother,  Major  Powell, 
in  his  survey  of  the  Colorado,  having  been  consigned  to  Mr.  Wat- 
son for  study,  the  new  species  they  contained  are  here  published 
in  brief  diagnoses,  in  the  American  Naturalist  for  May  last.  They 
are  between  twenty  and  thirty  in  number.  The  three  most  inter- 
esting plants  are  new  species  of  peculiar  genera,  hitherto  only 
monotypic:  Peteria  ThompsonioBy  WhippUa  UtahensiSy  and 
Petalonyx  nitidus  I  The  separate  issue  is  a  pamphlet  of  five  or 
six  pages,  and,  we  are  sony  to  say,  is  separately  paged.  The 
editors  of  the  Naturalist,  we  trust,  will  hereafter  keep  the  original 
pacing  in  all  such  cases,  for  the  paramount  sake  of  facility  and 
uniformity  in  citation. 
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Contribution  No.  2,  although  communicated  to  the  American 
Academy  of  Arts  and  ScienceB  as  early  as  May  18,  is  published 
only  in  I^ovember.  It  fills  the  pages  of  the  Proceedings  of  that 
Academy,  vol.  viii,  from  p.  5 17  to  p.  6 1 8.  It  comprises :  1.  A  revis- 
ion of  the  extra-tropicftl  species  of  the  genvs  I^tpiutis — a  difficult 
monograph,  in  which  56  species  are  described  under  a  system- 
atic arrangement,  and  the  synonymy  and  bibliography  appended 
with  great  pains  and  particularity  m  eight  or  mne  pages  of  fine 
type.  As  it  would  be  simply  impossible  to  clear  up  this  genus 
without  reference  to  the  original  types  of  the  species  published  by 
Agardh  and  Lindley,  it  should  be  stated  that  the  revision,  in  this 
regard,  is  based  upon  a  collocation  by  Dr.  Gray,  at  Kew,  of  his 
own  specimens  with  those  of  lindley's  (the  basis  of  Agardh's 
synopsis),  and  of  Hooker's  herbarium.  Although  this  is  not  the 
same  as  having  all  these  materials  in  the  hands  of  the  final  mono- 
grapher, yet  there  is  good  reason  to  expect  that  the  earlier  species 
are  generally  well  identified.  Several  new  ones  are  added,  and 
the  whole  is  put  in  such  order  that  we  may  hope  the  genus  will 
no  longer  be  the  most  difiicult  one  of  its  size  in  North  American 
phsenogamous  botany.  2.  A  revision  of  the  extra^ropiccU  tpecieB 
of  Potent iW I ^  excluding  Sibhaldia^  Ilorkelia  and  Ivesia. 
3.  (Enothera^  in  a  similar  revision.  These  genera,  which  have 
much  needed  re-elaboration,  are  here  worked  upon  the  same  plan 
as  that  for  I/apinus,  First,  there  is,  in  small  type,  a  synopsis  of 
the  sections  and  species,  serving  as  a  key ;  then  the  fuller  descrip- 
tions, with  little  or  no  synonymy;  then,  in  small  type,  full 
synonymy  and  references,  under  an  alphabetical  order  of  the  ad- 
mitted species,  including  also  collector  s  numbers ;  and,  finally,  a 
table  of  cross-references  of  synonyms  to  the  species.  It  is  pleas- 
ant to  see  such  neat  and  faithful  work. 

Contribution  No.  3,  on  Polygouuin^  section  Avieularia,  after 
some  prefatory  remarks,  disposes  of  fourteen  North  American 
species  of  this  troublesome  group,  we  hope  satisfactorily ;  only  one 
of  them,  P.  Torreyij  from  California,  absolutely  new ;  and  a  new 
section  IJuravia^  is  made  for  Meisner's  P.  Calffomicuniy  which  is 
separated  from  the  Amcularia  section  "  by  every  character  but 
habit."  This  short  paper  was  published  by  the  American  Natu- 
ralist, in  the  November  number. 

5.  Characters  of  New  Ferns  from  Mexico ;  by  Daniel  C. 
Eatox. — Being  two  new  Polypodia  and  an  Asplenixnn^  firom  a 
collection  made  at  Chiapas,  a  southern  province  of  Mexico,  by 
Ghiesbreght,  which  Prof.  Eaton  has  recently  distributed,  extracted 
from  Proceedings  of  the  American  Academy,  for  May  13,  1873. 

The  eighth  volume  of  these  Proceedings,  under  the  same  date, 
contains  a  paper  (also  issued  in  a  separate  edition),  entitled 

C.  Botanical  Contributions^  by  Asa  Gray,  bearing  date  of  issue 
November  18,  1873.  This  contains,  1.  Characters  of  New  Genera 
and  tSperies  of  Plants.  The  new  genera  are  Jiretcerina,  a  new 
Caryophyllaceous  genus  (said  to  be  "  ^ileiiearum^''  but  this  L*^  a 
misprint  for  Alsinearum,  as  the  context  shows),  from  the  Sierra 
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i  in  California,  therefore  appropriately  dedicated  to  Pro£ 
I.  Brewer  of  Yale  College,  from  whom  we  are  expecting 
ra  of  California ;  and  Ohiesbreghtia^  a  striking  new  Scroph- 
30U6  genus  from  Southern  Mexico.  As  to  new  species, 
one  are  from  the  Rocky  Mountains,  or  farther  west  The 
one,  of  particular  interest,  is  Paohystigma  Canhyi^  a  second 
of  this  formerly  monotypic  genus,  discovered  by  Mr.  Canby 
Virginian  AUeghanies.     Here  is  a  western  genus  now  aug- 

by  an  eastern  species,  evidently  very  local,  and  overlooked 
Ir.  Canby  set  eyes  upon  it.  "  To  redress  the  balance,"  a 
silifomian  Dirca  is  here  published,  D.  occidentalism  which 
nts  our  D,  pcUustris  on  the  western  verge  of  the  continent. 
es  on  CompositoB  and  Characters  of  certain  Genera  and 
,  ib  in  some  sort  a  review  of  a  portion  of  the  new  part  of 
m  and  Hooker's  Genera  Plantarum^  so  far  as  it  came  in  the 
r  a  particular  line  of  study,  with  some  revisions,  new 
,  «fec.  The  most  extensive  is  the  monograph  of  the  re-estab- 
ind  augmented  genus  Bigelovia.  The  "  golden  crown"  to 
DeCandolle  gracefully  alluded  when  he  founded  the  genus, 
thirty  years  ago,  in  honor  of  Dr.  Jacob  Bigelow,  now  in 
age,  has  its  stars  increased  to  the  round  number  of  twenty- 

A.  o. 
'ucca  gloriosa. — Since  our  notice  of  Dr.  Engelmann's  Mon- 

of  Yucca  was  printed  (in  December  number),  we  learn 
lim  that  Y,  gloriosa  has  fruited  in  the  Congressional  Gar- 
;  Washington,  where  it  has  been  examined  and  photo- 
d  by  Dr.  Schott.  .  This  species  proves  to  have  a  dry  cap- 
>od,   like  that   of   Y.  JUamentosa^  not  a  baccate  fruit,  as 

Nuttall  and,  after  them,  Chapman  supposed.  What  they 
)r  the  fruit  of  this  species  must  have  belonged  to  Y,  aloi- 

A.    G. 

rundo  Donax  in  Virginia. — Along  the  banks  of  a  stream, 
live  miles  southeast  of  the  Peaks  of  Otter,  in  the  Blue 

Virginia,  Mr.  A.  H.  Curtiss,  this  autumn,  found  in  flower 
reed,  from  fifteen  to  eighteen  feet  high,  which  proves  to  be 
o  Donax,  or  at  least  is  not  to  be  distmguished  from  it  as  to 
oresccnce  and  spikelets ;  the  leaves  not  seen  by  me.  There 
J  or  two  almost  peculiarly  European  plants  in  the  Virginian 
anies,  such  as  Convallaria  majalis  and  a  large  form  of 
me  nemorosa,  seemingly  passing  into  A.  trifolia^  which  Mr. 
.  discovered  last  year.  But  Arundo  Dotiax  belongs  to  the 
rranean  region,  and  is  not  a  plant  which  would  be  expected 
ure,  still  less  to  be  indigenous  in  our  Alleghanian  region, 
no  idea  that  the  imported  plant  would  survive  there.  The 
*  its  survival,  and  the  circumstances  under  which  it  occurs, 

it  probable  that  it  is  no  new  comer.  a.  g. 

Vicnomanes  radicans  in  Kentucky. — This  discovery,  which 
'Ctedly  adds  this  fern  to  the  botany  of  the  northern  United 

and  extends  its  range  up  to  about  lat.  38**,  will  be  men- 
more  particularly  in  a  later  number  of  the  Journal,     a.  g. 
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5 


66  Scientific  Intelligence. 

8.  Flora  AustrcUieneie ;  by  George  Bsntham,  assisted  by 
Babon  Febdinand  von  MVlleb.  Vol.  VL  ThymelecB  to  Dios- 
eoridecB,  8vo,  pp.  476.  1873. — The  fifth  volume  appeared  in 
1870.  Since  then  Mr.  Bentham  has  been  able  to  bring  oat  this 
new  volume,  besides  re-elaborating  the  whole  order  Compoeita 
for  the  Genera  Plantarum^  not  to  speak  of  other  things.  That 
the  work  is  not  slighted  may  be  inferred  from  a  remark  incident- 
ally made  under  the  Orchidece — ^the  largest  order  in  this  volame, 
and  particularly  tedious  and  difficult  to  study  in  dried  specimeDS 
— that,  '^  In  this  case,  as  in  the  rest  of  the  present  work,  I  hare 
made  it  a  rule  to  work  out  the  descriptions  of  eenera  as  well  as 
species,  in  the  first  instance  from  the  specimens  themselves,  whe^ 
ever  they  admitted  of  examination,  and  afterward  to  check  them 
by  those  of  the  great  authorities  on  the  order." 

The  more  noteworthy  points  which  have  attracted  attention  in 
turning  over  the  pages  are  the  following :  Phaleria  of  Jack  is  an 
older  name  for  J/n/mispermym  of  Reinwardt.  A  Nepenthes  has 
been  discovered  in  Australia ;  yet  it  may  be  a  form  of  N.  phf/l- 
lamphora,  Trema  of  Loureiro  replaces  ^^nmia^  the  character  of 
the  former  being  not  only  earlier  but  as  definite  as  Commerson^s 
of  the  latter.  The  carpological  characters  of  Coniferce  are  given 
with  an  alia^y  although  the  gymnospermous  view  is  adopted,  *'  as 
most  conformable  to  the  actual  appearance,"  '^  without,  no  we  ver, 
intending  to  decide  the  question,  wnich  is  still  the  subject  of  keen 
controversy."  The  Hasmodorem  are  reduced  to  a  tribe  of  Amaryl- 
lidece,  a.  g. 

9.  Flora  Brasilieneis,  fasc.  62,  issued  ip  June  last,  of  180  pages 
and  50  plates,  conuneuces  the  CompositcBy  and  contains  the  tnbe 
VemoniacecB  ;  by  Mr.  Baker  of  Kew.  This  tribe  is  largely  repre- 
sented through  the  eastern  side  of  South  America,  increasing  in 
number  southward.  Although  diminished  by  the  separation  of 
several  small  groups,  1 78  species  of  Vernonia  are  here  described 
as  belonging  to  Brazil.  a.  o. 

10.  JUusee  Botanique  de  Leide^  par  W.  F.  R.  Surixgab.  VoL  L 
livr.  1-8.  4to.  The  second  titles  are  Illustration  des  JEsp^ces  et 
Formes  du  Genres  d*Algves  ;  GloiopeUes,  1871-2:  with  twenty- 
two  plates.  Illustration  des  Algues  du  Japon^  with  four  plates. 
— With  this  elegant  work,  the  letter-press  and  illustrations  in  the 
best  style,  Prof.  Suringar  begins  anew  the  botanical  publications 
of  the  researches  made  in  the  Royal  Herbaiium  at  Leyden,  which 
had  been  interrupted  by  the  death  of  Professor  MiqueL  The 
AlgcB  of  Japan  will  be  of  special  interest  iu  this  country.  Some 
good  work  done  by  the  late  Professor  Harvey,  upon  collections 
sent  from  this  country,  still  remains  unpublished.  a.  g. 

11.  De  Candolle^s  Prodromius,  pars  d^cima  septima^  issued 
Oct.  16,  1873,  has  come  to  hand.  The  contents  are,  in  the  first 
place,  certain  small  outlying  orders,  or  some  of  them  genera, 
that  have  to  do  duty  as  orders,  which  on  various  accounts  have 
been  left  out  of  the  Prodromus  as  it  went  on,  viz :  Sarrcu^eniacece^ 
Phytocreneoe^  Cardiopteridece^  Salvadoracece^  Cynocrambe^  JBati- 
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acgag(oDe  JBatis)^  LennofiaceoB  (by  Solms-Laubach),  PodostefnacecB 
9j  Weddell).  Then  NeperUhac&B^  by  Dr.  Hooker;  CytinaceoB^ 
y  the  Aame ;  BalanophoraceoB^  by  Eichler ;  VlmacecBy  by  Pbm- 
boo;  MoracecBy  by  Bareaa;  and  a  synopsis  of  the  genera  of 
IrtocarpecB,  For  the  complete  elaboration  of  this  last  family  the 
olume  has  been  a  good  wliile  kept  back,  and  has  at  length  been 
isued,  and  (sad  to  say)  the  work  concluded,  without  it.  It  is  to 
e  hoped  that  whenever  M.  Bureau  finishes  his  undertaking,  the 
ublisoers  of  the  Prodromus  may  print  the  ArtocarpecB  uniformly 
'ith  the  rest,  so  that  it  may  be  appended. 

Then  follow  a  few  pages  of  Genera  omissa^  with  brief  references, 
idicating  what  they  are,  or  may  be,  so  far  as  has  been  made 
nt  or  conjectured ;  and  finally,  the  wearied  editor  appends  his 
\odromi  Hittoria^  Numeric  Uandusio.  It  is  a  terse  and  highly 
iteresting  account  of  this  work,  which  (including  the  two  preced- 
\g  volumes  of  Systema)  occupied  his  celebrated  and  indefatigable 
ither  from  the  year  1816,  or  earlier,  down  to  the  end  of  his  life,  in 
S41,  and  himself  to  the  close  of  the  past  year;  an  enumeration 
f  the  contributors,  who  have  worked  up  particular  families  or 
enera ;  an  enumeration  of  the  orders,  specifying  the  volume 
hich  contains  each,  and  the  number  of  genera  and  species  de- 
(ribed,  5134  genera  and  58,975  species,  which  the  missing  Arto- 
irpece^  it  is  estimated,  would  bring  up  to  5163  genera  and  about 
},000  species  of  Dicotyledones,  Among  a  few  statistical  data 
hich  are  given,  the  ten  orders  are  enumerated  which  contain  the 
reatest  number  of  genera,  beginning  with  Composites  and  end- 
ig  with  Crucifercs.  Then  the  ten  which  most  abound  in  species, 
hich  begin  with  CompositGB  (8561  species)  and  end  with  Umbel- 
fercB  (1016).  Leguminoseos  are  the  second  in  both  lists,  and 
ext  RubiOftiecB  in  the  former  and  Euphorbiacece  in  the  latter, 
ut  the  long  interval  between  the  publication  of  many  orders,  say 
el  ween  CrucifercB  and  Euphorbiacece^  much  diminishes  the  value 
f  such  comparisons.  The  reasons  which  have  prevented  a  more 
ipid  publication  of  the  volumes  of  the  Prodromus,  especially 
nee  the  work  has  been  largely  distributed  among  collaborators, 
re  hinted  at ;  and  finally  the  regretable  announcement  is  made 
lat  the  publication  is  now  relinquished,  at  the  close  of  the  Dico- 
fledones.  A  full  Index,  down  to  genera  and  their  sections,  filling 
70  pages,  closes  this  great  work. 

We  sincerely  congratulate  the  editor  upon  the  successful  com- 
letion  of  this  great  undertaking  at  the  limits  he  felt  obliged  to 
rescribe,  and  thank  him  heartily  for  his  long  and  faithful  service 
id  many  sacrifices.  As  it  may  be  hoped  that  he  has  still  years 
f  good  work  in  him,  all  will  regret  that  he  could  not  bear  this 
arden  through  a  few  of  them,  while  a  half  dozen  collaborators, 
ho  might  be  named,  elaborate  the  Monocotyledonous  orders, 
ut,  as  he  declares  that  he  should  doubtless  perish  under  it,  we 
refer  the  living  botanist  to  the  completed  Prodromus,  We  may 
cpect  from  him  original  work  instead  of  editorial  drudgery,  per- 
aps  a  new  edition  of  his  Geographical  Botany,  or  new  researches 
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npon  the  same  Bubjeet,  investigated  with  his  impartial  judgment, 
under  the  new  light  which  was  just  dawning  when  that  compre- 
hensive treatise  was  published. 

Since  these  remarks  were  written  we  have  received  an  interest- 
ing pamphlet,  separately  issued  from  the  Archives  des  Sciences 
of  the  Bibliothhque  UnioereeUe  for  November,  entitled,  Heflexions 
eur  lee  Ouvragee  Oiniraitx  de  Botanique  Descriptive.  In  this 
M.  de  CandoUe  gives  the  history  of  the  Prodromus  and  its  fore- 
runner with  considerable  fulness,  explains  more  particularly  his 
editorial  trials  and  burdens,  and  the  reasons  why  the  work 
could  not  be  made  to  get  on  faster,  and  gives  his  views  as  to  the 
most  practicable  method  of  combining  the  labors  of  the  botanists 
of  another  generation  in  the  production  of  the  new  Systema 
Vegetabilium  which  will  be  demanded.  An  estimate  is  made  of 
the  time  it  must  needs  require,  even  with  all  the  available  mono- 
graphers of  the  day  enlisted  in  the  service.  The  increased  diffi- 
cidties,  or  at  least  the  augmented  labor,  of  systematic  botanical 
work,  under  the  present  demands  of  the  science,  are  indicated. 
It  appears  that,  while  in  his  father's  time  one  could  elaborate  at 
the  rate  of  about  ten  species  a  day,  a  faithful  monographer  now, 
under  the  modem  requirements,  can  seldom  exceed  three  or  four 
hundred  species  per  annum^  that  is,  about  a  species  a  day  !  We 
suppose  that  the  case  on  the  whole  is  not  overstated.  a.  g. 

12.  Description  of  a  new  Genus  a?id  Species  of  Alcyonoid  Polyp; 
by  Robert  E.  C.  Stearns.  (From  the  Proceedings  of  the  Cal. 
Academy  of  Sciences,  August  18,  1 873.^ — At  a  meetmg  of  the  Cal- 
ifornia Academy  of  Sciences,  held  on  tne  third  day  of  February, 
1873,  a  paper  was  read  by  me,  entitled  "Remarks  on  a  New  Al- 
cyonoid Polyp,  from  Burrard's  Inlet ;"  *  in  which  I  save  a  resum'e 
of  the  discussions,  notices,  etc.,  in  this  country  and  in  England, 
arising  from  the  examination  by  several  naturalists  of  certain 
"  switch'Mike  forms,  which  had  been  received  by  different  parties 
from  the  Gulf  of  Georgia  (more  particularly  from  Burrard's  Inlet, 
in  said  gulf),  several  specimens  of  said  "switches"  being  in  the 
Museum  of  the  California  Academy. 

These  "  switches,"  or  rods,  were  referred  by  Dr.  Gray,  of  the 
British  Museum,  to  his  genus  "  Osteocella,"  and  by  Mr.  Sclater's 
correspondent  stated  to  belong  to  "  a  sort  of  fish ;"  but  by  the 
majority  of  scientific  gentlemen  who  had  seen  these  "  switches  " 
they  were  regarded  as  belonging  to  a  species  of  Alcyonoid  Polyp. 
I  expressed  the  belief  that  they  belonged  to  a  Sfecies  of  Urn- 
hellularia. 

At  a  meeting  of  the  California  Academy,  held  on  the  evening  of 
August  4, 1873,  Dr.  James  Blake  presented  a  specimen  of  the  polyp 
of  which  these  so-called  switches  are  the  axes,  which  had  been 
sent  to  him  from  the  Gulf  of  Georgia  by  his  friend,  Capt.  Doane. 
This  specimen  was  one  of  six  or  seven  sent  at  the  same  time,  all 
of  which  were  in  a  tolerable  state  of  preservation,  though,  as 
might  have  been  anticipated,  the  more   delicate   tissues   of  the 

♦  Tide  Proceed.  OaL  Acad.  Sciences,  vol.  v,  part  I,  pp.  7 — 12. 
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plyps  are  somewhat  decomposed,  and  some  of  the  specimens  are 
in  some  places  lacerated.  Ihey  all  are,  however,  sufficiently  per- 
fect to  determine  the  true  position,  and  show  that  the  "  switches  " 
are,  as  was  supposed,  the  supporting  stalks  or  axes  of  an  Alcyonoid 
Polyp  "  related  or  pertaining  to  the  group  Pennattclidce,^^ 

At  the  last  meetmg,  I  referred  the  specimen  before  the  Acad- 
emy to  that  division  of  the  PennatuliacB  known  as  Virgularia; 
but,  upon  a  subsequent  examination  of  the  authorities,  I  find  that 
those  forms  in  which  the  axis  is  unilateral,  or  on  one  side,  come 
within  the  genus  Pavonaria  of  Cuvier. 

The  only  species  heretofore  described,  so  far  as  I  can  learn,  and 
on  which  this  genus  is  based,  is  F.  qiLodrangularis^  of  which  a 
long  and  interesting  description  from  Prol  Forbes  is  given  in 
Johnston's  British  Zo5phytes  (voL  i,  pp.  164-166).  In  that  spe- 
cies, however,  the  axis  is  "  acutely  quadrangular,"  and  the  polyps 
are  arranged  in  three  longitudinal  series,  corresponding  to  three 
of  the  "  angles  of  the  stem." 

In  the  specimen  presented  by  Dr.  Blake,  the  style  of  axis  is 
round  and  the  polyps  are  arranged  in  two  longitudinal  unilateral 
series,  which  conform  to  the  convexity  of  the  external  fleshy  cov- 
ering. With  these  differences,  I  think  I  am  justified  in  placing  it 
in  a  new  sub-genus,  for  which  I  propose  the  name  of  VerriUia^  in 
honor  of  Prof.  Verrill  of  Yale  College. 

Genus  Pavonabia  Cuvier.  SuB-genus  VerriUia  Stearns. — 
Polypidom  linear- elongate,  round,  oval  or  ovate  in  cross-section. 
Axis  round,  slender,  bony ;  polyps  arranged  in  tw^o  unilateral 
longitudinal  series. 

VerriUia  Blakei  Steams,  n.  s. 

Polyp-mass  or  polypidom  of  a  flesh  or  pink  color,  linear,  elon- 
gate, attenuate;  polypiferous  portion  about  three-fourths  of  the 
entire  length,  rounded  oval  to  ovate  elliptic  in  cross  section,  and 
from  three-fourths  to  one  inch  in  greatest  diameter,  flatly  tapering 
toward  the  tip,  as  well  as  decreasing  in  the  opposite  direction  to 
wliere  the  polypiferous  rows  terminate  or  become  obsolete.  From 
this  latter  point  to  the  beginning  of  the  base  or  root,  a  portion 
of  the  polypidom,  equal  to  about  one-sixth  of  its  entire  length,  is 
quite  slender,  being  only  about  twice  the  diameter  of  the  naked 
axis,  and  the  surface  quite  smooth ;  said  portion,  as  well  as  the 
base,  is  round  (in  cross  section) ;  the  basal  part  is  from  one-ninth 
to  one-eleventh  of  the  entire  length,  and  about  one  inch  in  diam- 
eter, with  the  surface  longitudinally  wrinkled  or  contracted,  pre- 
senting a  ridged  or  fibrous  appearance. 

Style  or  axis  long,  slender,  white,  hard,  bony,  somewhat  pol- 
ished, about  three-sixteenths  of  an  inch  in  diameter  in  the  thickest 
part,  tapering  gradually  toward  the  tip,  and  attenuated,  with  sur- 
face somewhat  roughened  toward  the  basal  extremity.  Inclosed 
in  the  polyp-mass  or  polypidom,  the  axis  is  central  from  the  base 
to  where  the  polyp-rows  begin,  when  it  soon  becomes  marginal  or 
lateral,  forming  a  prominent  rounded  edge  (free  from  polyps)  on 
one  side  of  the  polypiferous  portion  of  the  whole. 
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From  near  the  sides  of  the  axial  edge,  the  polyp-rows  start,  and 
run  obliquely  upward  to  the  opposite  side,  where  they  nearly 
meet,  presenting,  when  that  side  is  observed  from  above,  a  concen- 
tric chevron  or  A-like  arrangement,  modified  by  the  convexity  of 
the  polypidom.  The  more  conspicuous  polyp-rows  show  from  nine 
to  fourteen  polyps,  with  occasional  intermediate  rows  of  three  or 
more  polyps. 

The  length  of  the  most  perfect  of  Dr.  BlakeV  specimens  was 
Btxty-six  inches ;  of  which,  commencing  at  the  tip,  a  length  of 
forty-eight  and  a  quarter  inches  was  occupied  by  the  polyp-rows, 
which  numbered  two  hundred  and  forty-five,  or  twice  that  number 
when  both  sides  or  arms  of  the  chevron  or  A  are  considered.  The 
number  of  polyps  in  each  row  was,  in  this  specimen,  from  eight  to 
eleven,  with  occasional  intermediate  shorter  rows  of  from  three  to 
seven.  Estimating  ten  to  the  row,  this  specimen  exhibited  about 
five  thousand  polyps,  all  of  which,  as  well  as  the  polyps  in  the 
other  specimens,  were  filled  with  ova,  of  an  orange  color.  In  the 
next  section  of  this  specimen,  the  length  between  the  last  polyp- 
row  and  the  swell  of  the  base  or  root,  is  eleven  and  one  quarter 
inches ;  thence  to  the  termination  of  the  base,  six  inches. 

The  average  dimensions  of  thirty-six  of  the  axes  in  the  Museum 
of  the  California  Academy  is  five  feet  six  and  one-third  inches  in 
length,  and  the  diameter  of  ^le  largest,  nine  thirty-seconds  of  an 
inch ;  diameter  of  smallest  specimen,  one-sixteenth  of  an  inch. 

Dr.  Blake's  specimens  were  preserved  in  a  mixture  of  glycerine 
and  alcohol ;  and  the  more  delicate  tissue  of  the  polyps  appears  to 
have  been  somewhat  injured  by  the  latter  ingredient. 

Additional  specimens  of  the  above  species,  from  the  same  local- 
ity, have  been  received  from  J.  S.  Lawson,  Esq.,  of  the  U.  S.  Coast 
Survey,  by  George  Davidson,  Esq.,  President  of  the  Academy. 
These  latter  were  put  in  glycerine  only,  and  are  in  better  condi- 
tion than  those  received  by  Dr.  Blake. 

Of  the  specimens  received  from  Mr.  Lawson,  some  individuals 
are  younger  than  either  of  Dr.  Blake's.  In  these  the  polyp-rows 
are  farther  apart,  and  there  are  not  so  many  polyps  in  the  row ; 
neither  do  the  ends  of  the  rows  approximate  so  closely  on  the  side 
opposite  the  axial  edge,  the  polvps  being  not  nearly  so  many  in 
the  same  length,  or  presenting  {as  do  some  ot  Dr.  Blake's  speci- 
mens) so  crowded  an  appearance.  In  cross-section  through  the 
polypiferous  portions,  the  younger  individuals  are  less  oval  or 
acutely-ovate  than  the  older  specimens.  A  comparison  of  indi- 
viduals indicates  an  external  differentiation,  analogous  to  that 
displayed  by  specimens  of  the  same  species  in  Virgularia.  The 
general  aspect  of  this  species,  judging  from  the  figure  in  plate 
XXXI  of  Johnston's  British  Zoophytes  (2d  ed.),  is  like  P.  qund- 
ramjxdaris  from  Oban,  only,  in  that  species,  the  rows  of  polyps,  it 
is  stated,  are  composed  of  "  four,  five  or  six  polyps  in  a  row,'  one 
figure  showing  seven. 

Noie. — A  recent  examinatiun  of  a  specimen,  convinces  me  that  this  species  is 
most  nearly  allied  to  the  Halipieris  Ghristii  KoUiker  (Koren  and  Dan.,  sp.)  and 
probably  ought  to  be  referred  to  the  same  genua. — A.  E.  YERBniL. 
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1.  ^  Rapporti  suUe  Osservazioni  deiT  £Jclisse  totaie  di  8ole^  del 
22  Dicenibre^  1870,  eseguite  in  Sicilia  dalla  Commissione  Ita- 
liana." — This  work  is  a  quarto  of  214  pages,  handsomely  printed 
and  gotten  np,  and  illustrated  with  fourteen  fine  lithographic 
plates.  It  is  published  at  the  expense  of  the  Italian  Govern- 
ment, under  the  editorship  of  Professor  G.  Cacciatore,  the  Vice- 
President  of  the  Commission,  and  is  in  all  respects  a  most  credit- 
able exponent  of  the  scientific  activity  of  Italy. 

The  Commission  was  named  by  a  Royal  decree,  dated  July  5, 
1869,  and  originally  consisted  of  Professors  Sautini,  Cacciatore, 
A.  de  Gasparis,  Donati  and  Schiaparelli  At  their  first  meeting, 
they  added  to  their  numbers  Father  Secchi  and  Professor 
Blasema,  and  at  the  same  time  elected  the  venerable  Santini  as 
their  President,  and  Cacciatore  as  Vice-President. 

The  volume  opens  with  a  shoi-t  letter  addressed  to  the  Minister 
of  Public  Instruction  by  Santini,  recounting  the  organization  of 
the  Commission,  explaining  the  writer's  part  in  the  work,  (which, 
on  account  of  his  advanced  age,  was  chiefly  that  of  general 
supervision,)  and  returning  thanks  for  the  zeal  and  energy  with 
which  the  minister  entered  into  and  seconded  their  plans. 

This  is  followed  by  a  more  extended  and  very  interesting  paper 
(relazione)  by  P^of.  fcacciatore,  upon  whom  fell  most  of  the  labor 
of  organization  and  arrangement  of  details.  This  labor  was 
much  increased  by  the  disturbed  condition  of  Europe,  which 
rendered  it  very  difficult  to  procure  some  of  the  needed  instru- 
ments, and  finally,  on  this  account,  compelled  material  changes  in 
the  programme  of  operations. 

At  the  stations  occupied  by  the  Italian  Commission,  the  weather 
also  during  the  eclipse  was  of  the  same  character  as  at  all  the 
others,  cloudy  with  mere  snatches  of  clear  sky,  so  that  altogether 
he  found  his  labors  arduous  and  rugged  ("^en  ardua  e  scahrosa*^), 
and  the  results  but  partially  satisfactory.  We  copy  his  summary 
in  his  own  words : 

"  As  soon  as  nature  resumed  its  course,  I  was  able  to  satisfy 
myself  that  if  the  sky  had  not  been  largely  propitious,  it  had  yet 
conceded  to  us  a  certain  interval,  the  fruits  of  which  had  been 
reaped  to  the  uttermost,  and  that,  if  on  the  whole  the  observa- 
tions of  the  eclipse  of  1870  had  failed  of  success  (riicscirono 
dUgraziate)^  yet  the  Augusta  division  would  be  able  to  present 
some  facts  not  unimportant  in  the  present  state  of  science." 
****««  Father  Secchi  had  tmdertaken  the  photography 
and  the  spectroscopic  examination  of  the  protuberances  before  the 
eclipse,  with  the  view  of  comparing  their  appearance  thus  ob- 
served with  that  presented  during  the  eclipse.  Their  form  and 
position  were  obtained  during  the  morning  under  a  favorable  sky. 
The  first  contact  was  observed  by  him  with  a  chronometer. 

"  Ten  photographs  were  obtained  during  the  phases,  and  at  the 
moment  of  totality  a  photograph  of  the  protuberances,  in  spite  of 
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interposing  clouds.  The  spectrum  of  the  acute  cusps  of  the  san 
was  also  studied. 

"  Prol  Denza  made  spectroscopic  observations  of  the  corona, 
which  revealed  two  blight  lines,  one  near  £,  the  other  probably 
of  nitrogen.  [  Veri/  doubtful. — y.]  Together  with  Sig.  de  Lisa  he 
observed  and  sketched  the  prominences.  Pro£  Donati,  during  the 
totality  was  able  to  catch  the  lines  in  the  spectrum  of  one  pi-o- 
tuberance  which  he  had  observed  before  the  eclipse.  He  saw  the 
hydrogen  lines  and  D,,  but  none  of  the  iron  lines. 

^'  Prol  Blaserna  examined  whether  the  corona  contained  po- 
larized light.  Using  a  Savart  polariscope  applied  to  a  telescope 
of  moderate  magnifying  power,  he  was  able  to  eiciimlne  carefully 
three  points  situated  about  45^  from  each  other  (o/*  tfie  sun^s 
limb).  The  polarization  was  most  pronounced,  and  very  nearly 
the  same  as  thai  of  a  portion  of  clear  sky  observed  soon  after, 
about  50°  from  the  sun.  At  the  distance  of  a  diameter  and  a 
half  from  the  moon  every  trace  of  polarization  vanished,  so  that 
the  influence  of  the  air  was  certainly  eliminated  in  the  observed 
phenomenon. 

''  The  plane  of  polarization  was  found  at  all  points  either  radial 
or  tangential  to  the  sun^s  limb  [the  observations  not  deciding 
with  certainty  whichl.  It  remains  therefore  established  that  the 
corona  is  polarized,  and  contains  reflected  light  derived  from  the 
photosphere. 

"  The  purely  astronomical  part  assigned  to  myself  was  executed 
to  the  best  of  mv  abilitv,  so  fer  as  the  variable  condition  of  the 
sky  permitted.  I  was  able  in  fact  to  note  with  some  precision 
the  mstants  of  first  contact,  of  the  beginning  of  totality,  and  of 
its  ending  (the  last  through  clouds),  besides  making  some  other 
observations  to  be  referred  to  hereafter. 

"The  magnetic  and  meteorological  observations  which  since 
the  10th  had  been  kept  up  hourly,  were  taken  at  iutervab  of  five 
minutes,  beginning  at  noon  of  the  22d.  Sig.  Bonifacio,  who  was 
especially  charged  with  this  work,  was  aided  in  it  by  Prof.  Cul- 
trera  of  Palermo,  who  having  come  to  Augusta  to  witness  the 
phenomenon,  begged  earnestly  to  participate  in  the  labors  of  the 
Commission. 

"  The  division  at  Terranova  found  themselves  in  circumstances 
very  similar  to  those  which  prevailed  at  Augusta ;  here  also  the 
observers  were  annoyed  by  tempestuous  winds  and  opposed  by 
clouds ;  but  notwithstanding,  some  good  and  not  unimportant 
observations  were  obtained.  Prof.  Lorenzoni  detected  in  the 
spectrum  of  a  protuberance,  besides  the  hydrogen  lines  and  D3  a 
large  number  of  bright  \me^  C' more  thtni  twenty'*).  In  conjunc- 
tion with  Prof  Tacchini,  he  made  excellent  sketches  of  the  pro- 
tuberances as  seen  with  the  telescope,  and  carefully  determined 
the  position  of  one  green  line  in  the  spectrum  of  the  corona. 

"Prof  Nobile  was  able  to  observe  the  spectrum  of  the  cusps 
(showing  '  at  least  forty  bright  lines'*). 

"Prof.  Legnazzi,  rising  Irom  a  sick  bed  to  fulfill  his  part,  ob- 
served the  contacts  and  the  protuberances.     The  physical  lea- 
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ares  of  the  eclipse  were  studied  by  Sigs.  A.  Tacchini,  Solito  and 
^izzo,  the  phenomena  of  the  shadow  by  Capt.  Serra. 

'^  Finally,  Sig.  MuUer  considered  that  his  magnetic  observations 
>roaght  out  an  important  fact,  never  before  observed,  viz :  that 
)f  a  magnetic  disturbance,  simultaneous  with  the  phases  of  the 
'clipse,  perceptible  at  all  the  stations,  but  diminishmg  in  ampli- 
ade  as  the  distance  from  the  center  of  the  shadow  increased." 

Following  this  "  relazlone "  of  Prof  Cacciajore,  and  forming 
he  principal  portion  of  the  book,  come  the  detailed  reports  of  the 
liferent  observers,  describing  their  stations,  apparatus  and  modes 
)f  observation,  the  operations  for  the  determmation  of  time  and 
geographical  position,  and  the  results  arrived  at  by  each.  Part 
^irst  contains  the  reports  of  the  observers  of  the  Augusta  divis- 
011,  in  the  following  order :  Secchi,  Donati,  Cacciatore,  Blaserna, 
])e  Lisa  and  Denza.  Part  Second  contains  the  Terranova  reports 
i-om  Lorenzoni,  Legnazzi,  Nobile,  A.  Tacchini,  P.  Tacchini,  Mul- 
er  and  Serra. 

An  appendix  of  some  17  pages  contains  certain  observations  of 
^rof.  Serpieri,  Cav.  Buffa  di  Ferrero  and  others,  for  the  most 
►art  designed  to  determine  very  exactly  the  northern  limit  of  the 
hadow  on  the  Italian  coast. 

Our  space  will  not  permit  any  extended  analysis  of  these 
lumerous  papers,  among  which  those  by  Secchi,  Blaserna,  Denza, 
^  Tacchini,  Lorenzoni  and  Nobile  appear  to  be  the  most  interest- 
ng  and  important.  Such  an  analysis,  however,  is  less  needed, 
ince  for  the  most  part  the  results  obtained  agree  with  those  of 
he  American  and  English  observers,  which  are  well  known  to 
)ur  readers. 

Pro£  Denza,  however,  thus  far  stands  alone  in  his  observation  of 
he  second  bright  line  in  the  spectrum  of  the  corona ;  and  the 
(bservation  of  Sig.  Muller,  as  to  a  ma<^netic  disturbance  accom- 
panying the  progress  of  the  shadow,  failed  of  confirmation  in  the 
udian  eclipse  of  1871. 

It  is  to  be  noted,  moreover,  that  both  Denza  and  Lorenzoni 
.gree  in  declaring  the  position  of  the  green  corona  line  to  be  at 
463  of  KirchoflTs  scale,  and  not  1474,  as  given  by  Young.  In 
his  they  are  certainly  mistaken.  We  think  that  any  one  who 
nil  read  the  account  of  the  manner  in  which  the  determination  of 
lie  American  observer  was  made  [this  Journal,  Nov.,  1 869,  and 
ilay,  1871 ;  also  Nature,  vol.  iii,  p.  272,  and  vol.  vii,  p.  28,]  will  be 
[uite  satisfied  as  to  this  point. 

Prof.  Denza's  determination  was  confessedly  a  mere  estimate ; 
hat  of  Lorenzoni  was  a  careful  scale-reading,  three  times  repeated, 
vith  a  direct  vision  spectroscope  having  about  twice  the  disper- 
ion  of  the  ordinary  single-prism  chemical  instruments — if,  at  least, 
Fe  may  judge  from  the  separation  of  the  D  lines  indicated  by 
he  scale-reading. 

He  writes,  '*As  soon  as  the  totality  was  ended,  I  re-compared  the 
iolar  spectrum,  and  found  that  the  position  of  the  corona-line 
coincided  exactly  with  that  of  line  No.  21  of  the  spectrum  of  Van- 
ler  Willingen— 1463  KircholE 
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*'  The  same  consequence  also  results  from  the  following  readings 
made  upon  the  scale,  viz:  D*,  73*2;  D*,  78*6;  corona  line,  118-5; 
b»,  133-6;  b»,  134-8;  b»  136-2." 

The  force  of  this  last  sentence  is  not  very  evident,  since,  if  we 
take  Kirchoflfs  numbers  for  the  D's  and  b's  [1002-8, 1006-8,  16341, 
1648-8  and  1664-7],  we  find,  on  performing  the  interpolation,  that 
118-5  of  liorenzoni's  scale  comes  out  correspondent  with  1478*8 
Kirchoff,  instead  of  1463.  Since  the  probable  error  of  a  reading 
is  stated  by  Prof  Lorenzoni,  in  a  note  dated  March,  1872,  to  be 
four  divisions  of  EirchofTs  scale,  the  agreement  with  Young's 
result  would  seem  to  be  as  close  as  could  oe  desired.  We  should 
not  have  noticed  this  point  so  particularly  were  it  not  evident, 
from  the  note  referred  to,  that  the  Italian  observers,  after  having 
their  attention  specially  called  to  the  subject,  were  still  disposed 
to  prefer  their  own  result  to  that  which  is  generally  aoceptecL 

C.    JL    Y. 

IV.   Miscellaneous  Scientific  Intelligence. 

1.  Note  on  Subterranean  JRshes  in  California  ;  by  A.W.  Chase. 
(Communicated  to  one  of  the  Editors.) — In  collecting  fact«  about 
the  Artesian  wells  of  the  lower  CountieSy  I  received  tne  following 
curious  information  from  Mr.  Bard,  the  agent  of  the  California  Pe- 
troleum Company  at  San  Buenaventura.  Re  has  lately  constructed 
a  wharf  at  Pomt  Hueneme,  southeast  of  San  Buenaventura. 
Wanting  water  to  supply  this  wharf,  he  commenced  sinking  an 
artesian  well  on  the  sea  beaeh^  not  five  feet  from  high-water  mark. 
At  the  depth  of  143  feet,  a  strong  flow  of  water  was  obtained, 
which  spouted  forth  to  a  height  of  thirty  feet.  It  was  controlled 
with  a  "  goose  neck  "  and  utilized.  One  day  while  the  agent  was 
absent,  the  men  around  the  well  noticed  fish  in  the  waste  water. 
On  his  return  they  called  his  attention  to  the  fact,  and  on  ex- 
amination the  well  was  found  to  be  filled  with  young  trout,  thou- 
sands of  them  being  thrown  out  at  every  jet.  These  trout  were 
all  the  same  size  (about  two  inches  long),  and  perfectly  developed. 
The  first  examination  made  was  to  see  whetner  they  had  ei/es. 
These  were  found  perfect.  Now  there  is  no  stream  nearer  than 
the  Santa  Clara  River,  several  miles  distant.  Could  these  fish  then 
have  come  from  its  head-waters  by  some  subterranean  outlet? 
There  are  no  trout  in  the  lower  portions  of  the  stream.  The  tem- 
perature of  the  water  is  the  same  as  that  of  the  wells  in  this  county, 
viz:  «4°  Fahr.,  too  warm  of  course  for  trout  to  live  long  in  it. 

2.  La  JVfjturaleza,  Periodico  cientifico  de  Id  Sociedad  Mexicana 
de  Historia  JViitural,  in  monthly  numbers  of  24  to  32  pp.,  large  8vo. 
Mexico. — This  publication  of  the  Mexican  Society  of  Nataral 
History  was  commenced  in  June,  1869,  and  is  now'  in  charge  of 
Senor  Mariano  Barcena,  Ist  Secretary  of  the  Society.  It  contains 
the  papers  read  before  the  Society,  treating  of  all  departments  of 
science.  Among  these  are  papers  on  Mexican  Insects  and  Verte- 
brates, by  D.  E.  Dug6s  (one  on  a  new  spt'cies  of  Axolotl) ;  on 
Insects,  by  D.  J.  Blasquez;  on  Mexican  Helminthology,  by  D.  A. 
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Penafiel ;  the  geographical  distiibation  of  birds,  by  D.  F.  Snmi- 
chrast ;  on  Mexican  Mammifers,  by  D.  M.  M.  Villada ;  on  Cac- 
te»,  by  D.  J.  M.  Velasco;  new  grasses,  by  D,  V.  Cervantes; 
habits  of  Quiacalua  macrouruSy  by  D.  M.  Barcena,  and  among  the 
others  the  following : 

On  a  hew  Mexican  mineral,  by  Don  Pedro  L  Monroy  (i,  p. 
76).  The  mineral  contains  chiefly  bismuth  and  tellnrium,  with  per- 
haps a  little  sulphur,  arsenic  and  silver.  G.=8'23 ;  H.:=3'76-4,  on 
the  scale  of  Breithaupt ;  luster  metallic ;  color  between  steel  gray 
and  the  white  of  antimony,  but  tarnishes  to  bronze  and  iron  black ; 

{)owder  grayish-black;  somewhat  ductile.  The  specimen  was 
abeled  from  the  mine  of  Coneto,  near  Duranso. 

On  some  combustible  minerals  of  Mexico,  dv  Don  P.  L.  Mon- 
roy (i,  p.  87).  The  paper  contains  analyses  of  coals  and  lignite, 
from  La  Villa  de  Panuco,  Vera  Cruz ;  between  Xilitla  and  Jac- 
ala ;  Xilitla ;  Pez  de  Jalapa ;  Yahualica,  State  of  Hidalgo ;  Chil- 
pangingo,  State  of  Guerrero;  Paso  del  Norte,  Chihuahua;  Zacu- 
alt i pan,  Hidalgo;  Texmelucan,  Puebla. 

Ascent  of  Popocatepetl  in  1865,  by  A.  Dolfus,  E.  de  Montser- 
rat  and  P.  Pa  vie,  witn  two  plates  of  views  and  sections.  The 
heights  measured  are :  the  summit  of  Popocatepetl,  5,425  meters ; 
bottom  of  the  crater,  5,119  meters;  diameter  of  the  crater  at  top, 
825*68  meters;  height  of  Ixtaccihuati,  5,207  meters.  Eruptions 
have  taken  place  from  Popocatepetl  in  the  years  1519,  1630,  1548, 
1571,  1692,  1642,  1664,  1802. 

On  the  active  volcano,  Ceboruco  (near  the  village  of  Ahna- 
catlan),  by  Don  A.  Caravantes,  with  a  plate.  The  height  of  the 
volcano  aoove  the  sea-level  is  1,525  meters. 

On  the  meteoric  irons  of  Mexico,  by  D.  J.  Correjo  (i,  p.  252). 
A  review  of  the  facts,  including  analyses,  which  have  been  pub- 
lished with  regard  to  Mexican  meteorites,  and  some  additional 
facts.  A  recent  number  contains  an  indignant  protest  of  the 
society  with  reference  to  the  destruction  of  the  large  meteorite, 
called  the  "  Descubridora,"  ordered  by  the  Mexican  Society  of 
Geography  and  Statistics. 

3.  Notei<  on  a  Metallurgical  Jotimey  in  Europe ;  by  John  A. 
Church,  M.E.,  with  22  illustrations.  New  York,  1873.  8vo,  pp. 
102.  (Van  Nostrand). — So  much  exact  and  valuable  information  on 
a  technical  art  is  rarely  crowded  into  the  same  space  as  is  to  be 
found  in  the  one  hundred  closely  printed  pages  of  Mr.  Church's 
"Notes"  of  his  metallurgical  journey  in  Europe.  The  topics  dis- 
cussed are  concisely  handled  in  the  analytic  method,  and 
with  a  fullness  of  detail  which  makes  the  work  of  permanent 
value.  The  copper  process  at  Agordo;  tlie  raercuiy  works  at 
Valalta;  the  lead  works  at  Mechernich;  the  gold  and  silver 
works  at  Lend ;  occupy  53  pages,  rich  in  information  and  details 
drawn  from  the  most  authentic  sources.  Since  1870  the  processes 
at  Freiberg  have  been  so  much  changed  that  Mr.  Church's  chapter 
of  28  pages  devoted  to  them  will  be  read  with  great  interest. 
The  lead  and  silver  works  of  the  Hartz  Mountains,  Clausthal, 
Lautenthal,  and  the  copper  process  at  Altenau,  complete  this  use- 
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fal  and  unpretending  memoir,  which  appeared  first  in  a  series  of 
articles  in  the  Engineering  and  Mining  Joamal  of  New  York  dar- 
ing the  past  year. 

4.  Qualitative  Chenncal  Analysis,  A  Chiide  in  the  Practical 
Study  of  Chemistry  and  in  the  work  of  Analysis  :  by  Siuis  H. 
Douglass,  Professor  of  Chemistry,  and  Albebt  fe.  Pbescott, 
Professor  of  Applied  Chemistry  in  the  University  of  Michigan. 
Ann  Arbor;  1874.  8vo,  pp.  259. — Messrs.  Douglass  and  Prescott 
have  embodied  in  this  volume  the  results  of  their  own  experience 
in  the  management  of  the  classes  in  qualitative  analysis  in  the 
University  of  Michigan.  For  those  commencing  the  study  of 
chemical  analysis,  this  book  will  be  found  convenient  us  embody- 
ing in  one  volume  what  is  most  essential  to  be  known,  and  pre- 
senting the  subject  with  a  fullness  of  detail  in  some  particulars 
not  always  found  in  similar  works  The  dark-faced  barred  type 
are  retained  in  the  formulas,  which  we  think  is  to  be  regretted  as 
tending  to  confuse  the  mind  of  the  student,  where  there  is  no  oc- 
casion for  such  confusion  if  the  atomic  notation  was  strictly  ad- 
hered to.  Following  the  systematic  discussion  of  the  metals,  non- 
metals  and  acids,  are  lists  of  solubilities  of  salts  with  reference  to 
bases  and  acids ;  a  table  of  relative  solubilities ;  and  two  tables 
for  the  systematic  qualitative  analysis  of  simple  and  complex  sub- 
stances, both  in  the  dry  and  wet  way.  These  are  substantially  the 
same  tables  which  Prof  Douglass  published  in  successive  editions 
in  1864-65  and  1868,  for  use  in  connection  with  Fresenius'  Manual 
of  Qualitative  Analysis.  A  list  of  chemical  reagents  closes  the 
volume,  which  the  authors  hope  may  aid  "to  prevent  habits  of 
mechanical  manipulation  ana  of  superficial  observation  in 
analysis." 

6.  I'he  Service  Monthly^  a  Montfdy  Journal  devoted  to  Meteor- 
ology^  Military  Telegraphy  and  the  Signal  Service,  Vol.  I,  No. 
I,  November.  '^2  pp.  8vo.  (S2  per  year).  Washington,  D.  C. 
(1721  G  street). — This  first  number  of  a  new  journal  contains  the 
following  articles :  The  Florida  Cyclone  of  October,  by  Lieut.  T. 
Smith,  U.  S.  A.,  with  two  maps ;  Synopsis  of  the  Report  of  the 
Chief  Signal  Officer;  The  great  Oceanic  Cyclones,  by  Prof  T. 
B.  ]Maury ;  The  Prussian  and  the  French  Field  Telegraph,  transla- 
ted by  Lieut.  T.  Smith ;  Description  of  a  Self  recorder  for  Anemo- 
scope and  Anemometer,  by  Lieut.  D.  J.  Gibbon,  U.  S.  A. ;  Monthly 
Weather  Review  for  October,  with  a  map ;  Means  of  Barometer, 
Thermometer,  Humidity,  Wind,  etc.,  for  the  month  of  October. 

6.  Museum  of  Comparative  Zoology  at  Cambridge^  Maasachu- 
setts, — The  Museum  of  Comparative  Zodlogy  has  been  placed 
under  the  direction  of  Mr.  Alexander  Agassiz,  son  of  Professor 
Ajxassiz,  and  Mr.  Carey,  both  of  whom  are  thoroughly  conversant 
with  Professor  Agassi z's  plans  with  regard  to  the  Museum,  and 
familiar  with  the  collections. 

7.  Walker  Prize  of  the  Boston  Society  of  Natural  History, — 
The  first  award  of  the  Walker  prize  of  $1,000  has  lately  been 
made,  by  the  Boston  Society  of  Natural  History,  to  Mr.  Alexander 
Agassiz,  for  his  recent  researches  and  memoirs  on  the  Echinoderms. 
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8.  Cave  at  KkOztovyn^  Berks  Co.^  Pa. — About  four  miles  from 
Kutztown,  Pennsylvania,  a  cave  has  been  recently  discovered  which 
affords  handsome  stalactites,  equal,  according  to  a  letter  from  H. 
W.  Hollenbush,  to  those  of  Mammoth  Cave. 

9.  Aunyra  Australis. — The  Aurora  Australis  was  very  bright 
at  Melbourne,  in  Victoria,  March  9th. — Monthly  Record  of  the 
Mdboume  Observatory^  for  March,  1873. 

Transactions  of  the  Connecticut  Academy  of  Arts  and  Sciences.  Vol.  11,  Part 
2,  pp.  209  to  410,  Svo,  with  10  plates.    New  Haven,  1873. 

Proceedings  of  the  Academy  of  Sciences  of  Philadelphia.  Part  II.  1873. — 
Philadelphia,  1873. 

Proceedings  of  the  California  Academy  of  Sciences.  Vol.  T,  Part  1.  96  pp. 
with  2  plates.    San  Francisco,  1873. 

Bulletin  of  the  Bul^o  Society  of  Natural  Sciences.  ToL  I,  No.  3.  Contains 
several  zoological  papers  hy  Aug.  R.  Grote,  and  one  on  the  Statistics  and  Distri- 
bution of  North  American  Lichens,  by  Henry  Willey. 

Fifth  Annual  Report  of  the  Trustees  of  the  Peabody  Academy  of  Science,  at 
Salem,  Mass.,  for  the  year  1872.  136  pp.  Svo.  Contains  several  Entomological 
papers  by  A.  S.  Packard,  Jr.,  also  on  the  Cave  Fauna  of  Indiana,  by  Mr.  Packard ; 
and  a  Record  of  American  Entomology  for  1872. 

Investigation  of  the  Orbit  of  Uranus,  with  general  tables  of  the  Moon,  by 
Simon  Newoomb,  Prol  Mathematics,  U.  S.  Navy.  288  pp.  4to.  Smithsonian  Con- 
tributions to  Knowledge,  No.  262. 

On  the  Corrosion  and  Fouling  of  Iron  Ships,  by  Robert  Mallet,  Esq.,  C.E.,  F.R.S., 
64  pp.  4to.     London,  1873. 

Introductory  Text-book  of  Physical  G^graphy,  by  David  Page ;  sixth  ed.  232 
pp.  12mo.  Edinburgh  and  London,  1873.  ^m.  Blackwood  k  Sons).  Very  poor 
in  its  geological  chapter,  and  not  very  good  m  any  other  part. 

The  Galvanometer  and  its  uses.  A  Manual  for  electricians  and  students,  by  C.  H. 
Hawkins.  76  pp.  12mo  (in  pocket  book  form),  with  illustrations.  New  York, 
1873.   (D.  Van  Nostrand).     A  very  full  and  convenient  little  manual. 

A  Catechism  of  High  Pressure  Steam  Engines,  including  the  modeling,  construct- 
ing running,  and  management  of  steam  engines  and  steam  boilers,  by  Stephen 
Roper,  Engineer.  218  pp.  12mo,  with  illustrations.  Philadelphia,  1874.  (Claxton, 
Remsen  k  Haffelflnger). 

Mind  and  Body :  The  Theories  of  their  Relations,  by  Alexander  Bain,  LL.D., 
Prof.  Logic,  Univ.  of  Aberdeen.  196  pp.  12mo.  New  York,  1873.  Appleton's 
International  Scientific  Series. 

OBITUARY. 

Agassiz. — The  death  of  Agassiz  occurred  soon  after  ten  o'clock 
on  Sunday  night,  December  14th,  at  his  own  house  in  Cambridge, 
after  an  illness  which  confined  him  only  one  week.  He  was  at- 
tended by  the  best  medical  skill.  His  family  physician.  Dr.  Mor- 
rill Wyman,  and  his  old  friend,  Dr.  Brown  Sequard,  were  con- 
stantly with  him.  He  died  from  nervous  prostration,  resulting  in 
an  attack  of  paralysis,  affecting  the  respiratory  muscles,  and 
especially  the  pharynx.*  His  last  public  effort  was  an  address 
before  the  Massachusetts  State  Board  of  Agriculture,  at  Fitch- 
burgh,  on  Tuesday  evening,  December  2d,  four  days  only  before 
his  prostration.  He  met  his  students  on  the  5th ;  and  on  Saturday, 
the  6th,  while  at  work  in  the  Museum  of  Comparative  Zoology,  he 

*  The  details  of  the  autopsy,  which  was  made  with  great  care,  will  be  published 
hereafter.  The  base  of  the  cerebellum  was  the  seat  of  disease.  The  braia 
weighed  entire  about  1600  grams ;  free  from  blood  and  fluid,  1500  grams ;  consid- 
erably more  than  the  normal  average  weight  of  the  human  brain. 
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was  overcome  with  a  sense  of  debility,  and  retired  unaided  to  bis 
house  and  his  bed,  never  to  leave  tneoL  He  lectured  not  only 
with  ease,  before  the  State  Board  of  Agriculture,  but  with  an 
unwonted  energy,  even  for  him;  an  evidence,  no  doubt,  of  cerebral 
disturbance,  ot  which  many  other  proofs  are  known.  But,  the 
next  day,  the  bad  effects  of  liis  over-exertion  were  so  evident 
that,  by  command  of  his  physician,  he  relinquished  an  engagement 
to  lecture  at  New  Haven  on  the  8th. 

Born  on  the  28th  of  May,  1 807,  Agassiz  had  attained  only  his  67th 
year.  He  was  in  his  fortieth  year  when,  in  Oct.,  1846,  he  landed  at 
i^oston,  in  the  maturity  of  his  reputation  and  of  his  remarkable 
intellectual  powers.  He  came  here  at  the  suggestion  of  Baron 
Von  Humboldt,  who  secured  for  his  study  of  American  geology 
and  natural  history  a  liberal  appropriation  from  the  King  of 
Prussia.  He  first  announced  his  intention  to  visit  the  United 
States  in  a  letter  to  l^of.  Silliman,  dated  at  Neufchatel,  Oct.  20, 
1845.  How  great  the  change  since,  in  his  relations  to  the  people 
and  scientific  men  of  America !  He  then  wrote  as  follows : 
''  After  having  finished  all  these  numerous  works  in  the  study,  I 
have  truly  need  to  replenish  myself  anew  in  the  fields;  and  I 
hope  to  reap  a  rich  harvest  in  your  country.  I  know  not  how 
to  thank  you  enough,  my  dear  Sir,  for  all  the  information  you 
have  taken  the  trouble  to  send  me;  it  has  already  been  of 
great  use  to  me  in  preparing  myself  for  such  a  journey,  and  will 
serve  me  as  a  guide  on  my  arrival  in  your  country,  where  I  have 
no  relations  or  acquaintance  among  men  of  science.  *  *  You 
are  the  only  person  in  the  United  States  with  whom  I  maintain 

a  correspondence.     I  wrote  once  to ,  and  once  to  , 

without  receiving  any  reply  from  the  latter.  *  *  All  that  you 
say  to  me  of  American  naturalists  and  of  their  kindness,  enchants 
me,  and  the  time  spent  in  America  will  surely  be  to  me  one  of  the 
happiest  and  most  instructive  epochs  of  my  life."  In  a  subse- 
quent letter  (dated  Feb.  1st,  1846),  he  adds  :  "There  is,  in  the  pro- 
digious activity  of  the  Americans,  something  intoxicating,  which 
has  inspired  me ;  and  already  I  feel  my  youth  renewed,  in  the 
anticipated  contact  with  the  noted  men  of  your  young  and  glori- 
ous republic."  *  *  "  Knowing  the  great  desire  I  had  to  visit 
your  country,  and  the  impossibility  of  doing  it  at  my  own  expense, 
his  Excellency,  the  Baron  von  Humboldt,  who  has  always  treated 
me  as  a  friend,  and  whose  good  counsels  have  been  to  me  like  those 
of  a  father,  proposed  to  the  King  of  Prussia  to  give  me  the  neces- 
sary funds  for  the  journey,  which  his  ^lajesty  granted  to  me  in  the 
most  generous  manner,  furnishing  nie  with  a  sum  sufficient  for  a 
journey  of  two  years,  traveling  alone.  However,  desiring  to  profit 
by  this  opportunity  to  gather  as  much  as  possible  of  the  materials 
ot  the  natural  history  of  the  United  States,  my  intention  is  to  have 
a  preparateur  and  draughtsman  accompany  me,  so  as  to  have 
drawn  from  life  all  the  fishes  of  your  rivers  and  lakes,  which  have 
not  yet  been  properly  represented ;  and  also  the  mollusks  of  vour 
coasts,  which  have  not  been  sufliciently  studied.  But,  to  proVide 
for  the  extra  expense,  I  shall  be  obliged  to  live  very  economicaUy, 
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ind  in  a  manner  little  in  accordance  with  the  royal  munificence 
ifhich  has  furnished  the  means  of  making  this  journey.  *  '*'  My 
sphere  is  entirely  circumscribed  by  the  scientific  world,  and  all 
ny  ambition  is  limited  to  being  useful  to  the  branch  of  science 
vhich  I  particularly  cultivate.  With  all  this,  I  am  no  misan- 
hrope ;  but  I  learned  early  that,  where  one  has  no  fortune,  one 
;annot  serve  Science  and  at  the  same  time  live  in  the  world.  If  I 
lave  been  able  to  produce  numerous  expensive  publications,  it  has 
)een  only  by  following  this  system  oi  economy  and  voluntary 
.eclusion ;  and  the  results  which  I  have  obtained  thus  far  have 
ewarded  me  so  well  for  the  privations  which  I  have  suffered,  that 
\  have  no  temptation  to  adopt  another  style  of  life,  even  should  I 
lave  hereafter,  and  especially  in  your  country,  more  trouble  than 

have  had  to  sustain  it  in  my  own." 

Recalling  his  wonderful  success  and  influence  in  America,  how 
nteresting  to  read  now  these  early  utterances  of  his,  in  anticipa- 
ion  of  a  voyage  which  was  destined  to  change  his  country  for 
ife,  and  lead  to  achievements  so  important  to  the  cause  of  science 
md  homanity,  and  so  greatly  transcending  his  utmost  hopes !  In 
ull  sympathy  with  all  liberal  and  truly  progressive  ideas,  he  was 
lot  more  ready  to  adopt  the  United  States  as  his  future  home, 
iter  a  brief  residence,  than  this  country  was  to  accept  and  honor 
lim.  This  decision  was  favored  by  the  political  commotions 
rhich,  in  1848,  unsettled  everything  in  Europe.  The  single  event, 
lowever,  which  perhaps  more  than  any  other  determined  him  to 
emain  in  America,  was  an  invitation  from  the  late  Chief  of  the 
Jnit^d  States  Coast  Survey,  Prof.  A.  D.  Bache,  to  accept  the 
lospitalities  of  the  steamers  in  that  service,  to  explore  the  coasts 
>f  the  United  States  on  both  sides  of  the  continent.  How  joy- 
ously he  accepted  an  invitation,  so  far  exceeding  his  wildest 
Ireams,  is  well  known ;  and  how  rich  have  been  the  fruits  thus 
gleaned  for  science  is  known  as  yet  only  in  part,  since  the  record 
»f  his  last  great  exploration  on  board  the  Hassler,  along  both 
ides  of  the  continent  of  South  America  and  on  the  Pacific  shores 
>f  Central  America  and  the  United  States,  remains  yet  to  be 
published.  This  last  great  exploration  was  carried  out  in  conse- 
[uence  of  the  enlightened  policy  of  the  present  Chief  of  the  Coast 
Jurvey,  Prof.  B.  Peirce,  in  ftirtherance  of  the  designs  of  his  hon- 
ied predecessor. 

Of  Agassiz's  incessant  labors  in  the  cause  of  science,  and  his 
^ast  performances,  especially  since  he  made  this  country  his  home, 
t  is  not  now  our  purpose  to  speak.  Fitting  record  will  be  made 
>f  all  these  hereafter.  Not  this  nation  only,  but  the  world,  has 
uffered  a  great  loss.  More  than  any  man  since  Cuvier  and  Von 
lumboldt,  has  he  been  known  over  the  whole  world.  His  fame 
irose  alike  from  the  great  number  and  value  of  his  original  inves- 
igations  and  publications,  from  his  ability  as  a  philosopher,  and 
rom  his  power  of  inspiring  others  with  his  own  enthusiasm.  His 
ife  in  the  United  States  has  awakened  in  thousands  a  zeal  for 
;he  prosecution  of  scientific  research,  and  beyond  any  other  cause 
las  promoted,  and  to  a  large  degree  created,  that  wonderful  ac- 
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tivity  which,  in  twenty-five  years,  has  placed  this  country, — be- 
fore without  a  museum  of  natural  history,  a  zoological  laboratory, 
or  a  well  orc^anized  Scientific  school — in  the  front  rank  of  scientific 
activity. 

Long  have  we  dreaded  the  sad  event  which  we  now  record. 
Many  years  since,  the  splendid  physique  of  Agassiz  showed  evi- 
dence that  his  prodigious  labors  were  overcoming  his  elasticity. 
His  herculean  strength,  which  had  made  him  a  stranger  to  fatigue 
of  body  or  mind,  yielded  to  the  severer  tax  of  the  American  cli- 
mate, and  the  incessant  growing  demands  upon  him  from  every 
source.  His  life  and  strength  were  renewed  by  his  long  voyage 
to  San  Francisco,  in  the  Hassler ;  but  both  he  and  his  friends  have 
recognized  the  fact  that  to  labor  with  his  former  activity  was 
impossible  and  forbidden.  Yet  to  live  was  for  him,  unavoidably, 
to  labor ;  and  to  die  in  the  harness,  rather  than  to  live  after  the 
power  to  sorve  his  fellow  men  was  passed,  his  aspiration. 

An  excellent  sketch  of  Agassiz's  life  and  labors,  prior  to  I860, 
will  be  found  in  the  New  American  Cyclopedia,  under  his  name ; 
and  a  full  list  of  his  publications  down  to  1866,  is  contained  in 
the  Roval  Society's  Catalogue  of  Scientific  Works. 

His  tuneral  was  attendt '  jn  the  18th  of  December,  from  Apple- 
ton  Chapel  at  Harvard  University,  without  ceremony,  and  m  a 
touching  simplicity  of  style  quite  in  harmony  with  his  life,  by 
a  vast  assembly  of  mourning  friends  from  Boston  and  many 
neighboring  and  distant  cities.  The  flags  of  the  manicipality  of 
Boston  were  hung  at  half  mast :  and  the  bells  were  tollea  durinjr 
the  obsequies.  No  eulogy  was  pronounced  i  »tihe  voice  of  the 
officiating  clergyman  broke  the  silence  with  Mie  words :  "  I  am 
the  resurrection  and  the  life."  To  the  solemn  music  of  the  "  Dead 
March  in  Saul,"  the  family  and  a  few  near  friends,  with  the  Uni- 
versity authorities,  left  the  chapel  for  Mount  Auburn  Cemetery, 
where  now  rests,  by  the  side  of  his  much  loved  friend,  President 
Felton,  all  that  is  mortal  of  Louis  John  Rudolph  Agassiz. 

Agassiz's  death  cuts  short  his  discussion  of  the  doctrine  of 
*'  Evolution  and  Permanence  of  Types,"  the  first  paper  of  which 
appeared  in  the  Atlantic  Monthly  for  the  month  of  December. 
How  like  a  voice  from  another  world  sound  now  these  words  con- 
cluding his  summary  of  Darwin's  publications :  "  I  can  only  rejoice 
that  the  discussion  has  taken  this  turn,  much  as  I  dissent  from  the 
treatment  of  the  subject.  It  cannot  be  too  soon  understood  that 
science  is  one,  and  that  whether  we  investigate  language,  philoso- 
phy, theology,  history,  or  physics,  we  are  dealing  with  the  same 
problem,  culminating  in  the  knowledge  of  ourselves.  Speech  is 
Known  only  in  connection  with  the  organs  of  man,  thought  in  con- 
nection with  his  brain,  religion  as  the  expression  of  his  aspirations, 
history  as  the  record  of  his  deeds,  and  physical  science  as  the  law 
under  which  he  livos.  Philosophers  and  theologians  have  yet  to 
learn  that  a  physical  fact  is  as  sacred  as  a  moral  principle.  Our 
own  nature  demands  from  us  this  double  allegiance."  s. 

Dr.  Karl  Frikdrich  Maimanx,  the  eminent  crystal lographer 
and  mineralogist,  died  at  Leipzig  on  the  26th  of  November. 
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Art.  XTT. — On  the  Structure  and  Affinities  of  the  Brontothertdce  ; 

by  O.  C.  Marsh.    (With  two  plates.) 

Thb  Miocene  deposits  on  the  eastern  slope  of  the  Bocky 
Mountains  contain  the  remains  of  a  group  of  gigantic  mammals, 
of  much  interest,  which  have  been  named  by  the  writer,  Bron- 
totheridoe*  Although  these  animals  are  less  remarkable  than 
the  IHnocerata  of  the  Eocene,t  which  they  seem  to  have  replaced, 
they  equalled  them  in  size,  and  resembled  them  in  several 
important  features,  notably  in  the  structure  of  the  feet,  and  in 
having  the  head  armed  with  a  pair  of  powerful  homa  The 
general  structure  of  the  group,  hov^Fcr,  clearlv  indicates  that 
tney  do  not  belong  in  the  order  IHnocerata^  but  should  be  placed 
with  the  Perissodactyls,  in  which  they  form  a  well-marked 
&mily. 

The  more  prominent  characters  of  this  &mily  were  pointed 
out  by  the  writer  in  describing  Brontoffierium  gigas  Marsh,  the 
type  species,  an '  others  had  been  previously  mentioned  by  Dr. 
Leidv  in  his  descriptions  of  Titanoiherium  ProutiiX  The  skull 
of  the  latter  genus  is  not  known,  but  there  can  now  be  no 
reasonable  doubt  that  it  was  furnished  with  horns,  in  some 
respects  similar  to  those  of  Brontotherium  (Plates  I  and  li). 
The  possibility  of  this  was  originally  suggested  by  Dr.  Leidy,§ 
and  m  his  latest  work  he  has  figured  a  horn-core  from  the 
same  deposits  which  yielded  the  Titanoiherium  remains. ||  The 
fragmentary  specimen  described  by  Dr.  Leidy  as  Megacerops 
Coloradensis,^  probably  belongs  in  the  same  family,  but  until 
additional  remains  are  found  this  point  cannot  be  decided.  The 
supposed  genera  Symborodon  and  Miohasileus^  recently  indicated 
by  Prof.  Cope  (Ain.  Nat,  vii,  p.  768),  belong  to  this  group, 
llie  former  is  generically  identical  with  Brontotherium^  the 
reputed  absence  of  lower  incisors  being  evidently  due  either 
to  age,  or  to  imperfect  specimens.  Miobasileus  is  apparently  the 
same  genus,  and  hence  both  names  should  be  regarded  as 
synonyms  of  Brontotherium. 

•  This  Journal,  voL  v,  p.  486,  June,  1873.  +  Loc.  cit,  p.  117,  Feb.,  1873. 

t  Extinct  Vf^tniTiAlifl,  p.  206,  1869.  §  Loc.  cit,  p.  216. 

f  Extinct  Vertebrate  Fauna,  PL  xzYin,  fig.  3,  1873. 

1  Proceedings  PhiL  Acad.,  1870,  p.  i,  and  Extinct  Vertebrate  Fauna,  p.  239. 
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Among  the  more  marked  characters  of  the  Brontotheridot^ 
which  readily  distinguish  them  from  the  Rhtnocerotidoe,  appar- 
ently their  near  allies,  may  be  mentioned  the  following : — ^There 
are  four  short  and  thick  toes  in  the  manus,  and  three  m  the  pes. 
The  skull  supports  a  pair  of  large  horn-cores,  placed  trans- 
versely, as  in  modem  Artiodactyls.*  There  are  well  developed 
canine  teeth  in  both  jaws.  The  molar  teeth,  above  and  below, 
are  not  of  the  Rhinoceros  type,  but  resemble  those  of  Chalioo- 
therium. 

The  general  characters  of  the  Brontotheridce  are  fully  shown 
in  a  large  series  of  specimens  in  the  Yale  College  Museum. 
The  cranial  structure  of  Brontotherium^  the  type  genus,  is 
well  illustrated  in  the  nearly  perfect  skull  of  B.  ingens  Marsh 
(Plates  I  and  ii),  described  in  this  article.     The  only  other 

fenus  of  the  group  known  with  certainty  is  Titanotherium  of 
leidy  {Afenodus  romel),  which,  according  to  the  descriptions 
of  that  author,  diflTered  essentially  in  having  four  lower  pre- 
molars, and  in  the  absence  of  a  third  trochanter  on  the  femur. 
Less  important  differences  are  seen  in  the  composition  of  the 
teeth,  and  in  the  diastema  between  the  upper  canine  and  first 
premolar. 

The  skull  in  Brontoiherium  is  elongated,  and  resembles  in  its 
general  features  that  of  Rhinoceros,  The  occipital  region  is 
greatly  extended  vertically,  and  deeply  concave  posteriorly. 
The  brain  cavity  is  unusually  contracted.  The  vertex  is  con- 
cave longitudinally,  and  convex  transversely  (Plates  i  and  ii). 
The  zygomatic  arcnes  are  massive,  and  much  expanded.  The 
orbit  is  small,  and  continuous  with  the  elongated  temporal  fossa. 
The  nasals  are  greatly  developed,  and  firmly  codssified.  They 
support  entirely,  or  nearly  so,  the  large  divergent  horn-cores. 
Their  anterior  extremities  are  produced,  and  overhang  the  large 
narial  orifice.  The  premaxillaries  are  diminutive,  and  do  not 
extend  forward  so  far  as  the  end  of  the  nasals.  The  palate  is 
deeply  arched  above,  especially  between  the  premolars.  The 
posterior  nares  extend  forward  nearly  to  the  front  of  the  last 
molar.  The  lachrymal  forms  the  anterior  margin  of  the  orbit 
The  malar  extenas  forward  beyond  the  lower  margin  of  the 
orbit.  The  infra-orbital  foramen  is  large,  and  situated  well  for- 
ward. The  zygomatic  process  of  the  squamosal  is  elevated,  and 
incurved  above.  There  is  a  large  post-glenoid  process,  and  a 
massive,  and  somewhat  shorter  paroccipital  process  (Plate  l). 
The  posttympanic  process  of  the  squamosal  is  lai^e,  and  quite 
external  to  the  paroccipital  process.  The  occipital  condyles 
are  large,  and  well  separated. 

*  Rhinoceros  pleuroceros  Duy.,  from  the  Miocene  of  France,  has  a  transverse  pair 
of  small  hom-oores  on  the  nasals,  not  unlike  those  in  Dinoceras.  R.  mmuhu  Cut 
has  somewhat  similar  processes. 
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The  mandible  has  a  wide  condyle,  and  a  slender  coronoid 
process.  The  angle  is  rounded,  and  slightly  produced  down- 
ward. The  symphysis  is  depressed,  elongated,  very  shallow  in 
front,  and  completely  ossified. 

The  dental  formula  of  Broniotherium  is  as  follows : — 

X      .  2  .1  ,4,3 

InciBorB,  — ;   camnes,  — ;  premolars,  — ;  molars,  —  X  2  =  38. 

The  upper  incisors  are  quite  small.  The  canine  is  short  and 
stout,  and  placed  close  to  the  first  premolar.  The  latter  is  pro- 
portionally much  larger  than  the  corresponding  tooth  in  Titano- 
therium.  The  upper  premolars  have  all  essentially  the  same 
structure,  viz :  two  external  connate  cusps,  with  their  outer  faces 
nearly  plane,  and  two  inner  cones  closefy  united.  The  anterior 
cone  is  connected  with  the  opposite  outer  cusp  by  a  transverse 
ridge,  which  has  behind  it  an  elongated  depression,  more  or  less 
divided  by  projections  from  the  outer  posterior  cusp.  In  the 
upper  true  molars,  the  external  cusps  have  their  outer  surfaces 
deeply  concave,  while  the  inner  cones  are  low  and  separate. 
The  lower  incisors  were  small,  and  evidently  of  little  use.  The 
two  next  the  symphysis  were  separated  from  each  other.  One 
specimen  in  the  Yale  Museum  has  the  crown  hemispherical  in 
form  The  lower  incisors  are  not  unifrequently  wanting,  and 
in  old  animals  the  alveoli  may,  perhaps,  •  disappear.  Careful 
examination,  however,  will  usually  show  indications  of  them. 
The  lower  canine  is  of  moderate  size,  and  separated  from  the 
premolars  by  a  short  diastema.  The  lower  molars  are  of  the 
PcUceotherium  type,  and  agree  essentially  with  those  of  Titano- 
therium. 

The  head  in  Broniotherium  was  declined  when  in  its  natural 
position.  The  neck  was  stout,  and  of  moderate  length.  The 
cervical  and  most  of  the  dorsal  vertebrae  are  distinctly  opistho- 
cceloufl.  The  latter  are  in  general  elevated.  The  atlas  is  large, 
and  much  expanded  transversely.  The  axis  is  massive,  and  has 
its  anterior  articular  faces  much  broader  than  in  the  Dinocerata. 
The  odontoid  process  was  stout  and  conical.  The  transverse 
process  was  small,  and  apparently  imperforate.  The  posterior 
articular  face  is  concave,  and  oblique.  The  epiphyses  of  the 
vertebrae  are  loosely  united  in  most  specimens,  as  in  the  Pro- 
boscidians. The  caudal  vertebrae  preserved  indicate  a  long  and 
slender  tail. 

The  limbs  of  the  Brontotheridce  were  intermediate  in  propor- 
tion between  those  of  the  Elephant  and  the  Rhinoceros.  The 
humerus  is  stout,  and  its  entire  distal  end  is  occupied  by  the 
articulation.  The  olecranon  cavity  is  shallow,  and  the  condylar 
ridge  similar  to  that  of  the  Elephant,  but  not  continued  so  far 
up  the  shaft.  The  ulna  has  its  olecranon  portion  much  com- 
pressed.    Its  distal  end  is  much  smaller  than  in  Rhinoceros^  and 
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has  no  articular  face  for  the  lunar.  The  radius  is  stout,  and 
its  distal  end  expanded.  The  carpal  bones  form  interlocking 
serie&  They  are  shorter  than  in  Rhinoceros^  and  support  four 
well  developed  toes  of  nearly  equal  siza  The  metacarpal  bones 
are  shorter  than  those  of  the  Rhinoceros^  the  first  phalanges 
longer,  and  the  second  series  shorter.  The  ungual  phalanges 
are  short  and  tubercular,  as  in  the  Elephant 

The  femur  has  a  small  third  trochanter,  and  its  head  a  deep 
pit  for  the  round  ligament  At  the  distal  end,  the  anterior 
articular  surface  is  narrow,  and  the  two  edges  are  of  nearly 
equal  prominence,  as  in  the  Tapir.  There  is  a  small  fossa  on 
the  posterior  side  above  the  outer  condyle.  The  tibia  is  stout, 
and  nas  a  distinct  spine.  The  fibula  is  entire,  but  quite  slender. 
The  astragalus  is  shorter  than  in  the  Bhinoceros,  and  the  supe- 
rior groove  more  oblique.  There  is  a  deep  pit  near  the  center  of 
the  outer  surfaca  The  cuboid  face  is  larger  than  in  Rhinoceros, 
The  navicular  has  its  distal  facets  subequal.  There  were  three 
toes  of  nearly  equal  size  in  the  pes,  tne  first  and  fifth  being 
entirely  wanting. 

In  comparing  the  BrontotheridoR  with  the  equally  gigantic 
Dinocerata  of  the  Eocene,  several  striking  points  of  resemblance 
will  be  at  once  noticed :  especially  the  presence  of  horns  in 
transverse  pairs ;  the  general  structure  of  the  limbs  and  feet ; 
and  particularly  the  short  and  thick  toes.  The  differences, 
however,  between  these  two  groups  are  still  more  marked.  In 
the  Brontotheridoe  there  is  but  a  single  pair  of  horn -cores,  and 
no  crest  around  the  vertex.  The  structure  and  number  of  the 
teeth  are  quite  different,  while  the  small  canines  and  huge  molars 
contrast  strongly  with  the  elongated  canine  tusks,  and  diminutive 
molars  of  the  JJiriocerata.  The  latter,  moreover,  have  two  very 
large  dependent  processes  on  each  ramus  of  the  mandible ;  the 
cervical  vertebrae  flat;  the  femur  without  a  third  trochanter; 
and  an  additional  toe  in  each  foot 

Among  the  features  which  this  group  shares  with  the  Probos- 
ddea  ma.j  be  mentioned :  the  superior  extension  of  the  condylar 
ridge  of  the  humerus ;  the  short  thick  toes ;  and  the  late  union 
of  the  epiphyses  with  the  centra  of  the  vertebrae.  The  last 
character  appears  to  belong  especially  to  mammals  of  very  large 
size,  and  probably  indicates  late  maturity,  and  great  longevity. 

The  preceding  description  makes  it  evident  that  the  ^-onto- 
theridoe  constitute  a  very  distinct  family  of  the  Perissodactyla. 
While  retaining  some  prominent  features  of  their  Eocene  prede- 
cessors, the  Dinoceratxi,  tliey  are  more  nearly  related  to  the 
Rhinoceros  family,  and  at  the  same  time  they  have  some  char- 
acters allying  them  to  the  Proboscidea,  which  replace  them  in 
the  succeeding.  Pliocene  period. 
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All  the  known  remains  of  the  Brontotheridce  are  from  east  of 
the  Rocky  Mountains,  in  the  Miocene  beds  of  Dakota,  Nebraska, 
Wyoming  and  Colorado.  The  specimens  here  described  are 
mainly  from  localities  in  the  "  Bad  lands  "  of  Colorado,  which 
were  discovered  and  explored  by  the  writer  in  the  summer  of 
1870.* 

Brontotherium  ingens,  sp.  nov. 

A  new  and  well  marked  species  of  Brontotherium  is  repre- 
sented in  the  Yale  College  Museum  by  a  skull,  nearly  perfect, 
and  other  characteristic  remains.  The  specimens  preserved 
indicate  that  the  animals  to  which  they  pertained  were  much 
the  largest  of  the  group,  nearly  or  quite  equalling  the  elephant 
in  bulk,  and  far  exceeding  in  size  any  known  rerissodactyls 
living  or  fossil. 

The  skull  in  the  type  specimen  of  the  species  is  well  repre- 
sented in  the  accompanying  plates,  and  its  general  characters 
have  already  been  given.  The  most  striking  peculiarity  of  this 
cranium  is  the  pair  of  huge  horn-cores  on  the  nasals.  They 
are  about  eight  inches  in  length,  and  extend  upward  and  out- 
ward. They  are  triangular  at  the  base,  with  the  broadest  face 
external.  The  two  inner  faces  of  each  core  are  separated  by  a 
ridge,  which  is  continued  to  the  median  line.  The  upper  part 
of  the  horn-cores  is  rugose,  and  the  base  contains  large  air 
cavities.  The  free  extremities  of  the  nasals  are  coossified,  and 
much  elongated.  They  are  rounded  in  front,  slightly  decurved, 
and  the  surface  at  the  end  is  rugose.  The  orbit  is  of  moderate 
size,  and  looks  forward,  outward,  and  upward.  The  lachrymal 
foramen  is  small,  and  ovate  in  outline.  Just  below  it,  there 
is  a  depression  of  similar  form.  The  infra-orbital  foramen  is 
unusually  large.  There  is  no  post-orbital  process.  The  zygo- 
matic arches  are  massive,  and  the  squamosal  portion  widely 
expanded.  The  temporal  fossa  extends  far  backward,  and  has 
over  its  posterior  portion  an  obtuse  ridge.  The  occipital  con- 
dyles are  very  large,  wide  apart,  and  extend  slightly  behind  the 
supra-occipital  crest  The  paroccipital  process  of  the  squamosal 
is  elongate,  and  its  anterior  face  concave.  The  postglenoid 
process  is  very  large,  much  extended  transversely,  and  is  longer 
than  the  paroccipital  process. 

The  premaxillaries  in  this  cranium  are  imperfect,  and  the 
incisors  wanting.  The  canines,  also,  are  not  entire,  but  they 
were  only  of  moderate  size,  and  in  close  proximity  to  the  first 
premolar.  This  tooth  had  two  fangs,  and  resembled  the  other 
premolars.  All  of  these  have  a  strong  inner  basal  ridge.  The 
crowns  are  more  nearly  square  than  in  Titanotherium  Proutii 
Leidy.    The  upper  true  molars  are  very  large,  the  last  especially 

*  This  Journal,  n,  yoL  1,  p.  292,  Sept,  1870. 
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so.  It  resembles  the  corresponding  tooth  in  T.  PtouUi,  but  the 
inner  posterior  angle  of  the  crown  is  much  more  developed. 

The  limbs  in  this  species  were  shorter  than  those  in  the  exist- 
ing elephants,  which,  in  form  of  body,  it  doubtless  resembled. 
The  huge  divergent  horns,  and  the  absence  of  tusks,  gave  the 
head  a  very  different  appearance.  The  wide  narial  opening, 
the  rugose  extremities  of  the  nasals,  and  the  very  large  infra- 
orbital foramen,  naturally  suggest  that  there  must  have  been  an 
elongated,  flexible  nose,  possibly  as  extensive  as  in  the  Tapir. 
That  there  was  no  long  proooscis,  as  in  the  Elephant,  is  indicated 
with  equal  certainty  by  the  length  of  the  heaa  and  neck,  which 
renders  such  an  organ  unnecessary. 

The  principal  dimensions  of  the  skull  represented  in  plates 
I  and  II  are  as  follows : — 

MeatwremaiiB, 

Length  of  skull  from  occipital  condyles  to  end  of  nasals 

(36  inches), -.-.    916- 

Distance  from  posterior  margin  of  occipital  crest  to  front 

of  hom-core, 762 

Distance  on  median  line  from  occipital  crest  to  end  of  nasals,  762 

Width  between  extremities  of  horn-cores  (20  inches), 607 

Expanse  of  zygomatic  arches, 668 

Least  distance  across  vertex, 167 

Space  occupied  by  four  upper  premolars, 162 

Space  occupied  by  three  upper  true  molars, 266 

Antero-posterior  diameter  of  last  upper  molar,  on  outside,.  117 

Antero-posterior  diameter,  through  center, 112 

Transverse  diameter, 114 

Antero-posterior  diameter  of  fourth  upper  premolar, 53 

Transverse  diameter, 69 

Antero-posterior  diameter  of  third  upper  premolar, 48 

Antero-posterior  diameter  of  second  upper  premolar, 37 

Antero-posterior  diameter  of  first  upper  premolar, 26 

Width  across  palate  between  second  premolars, 56 

Width  across  palate  between  last  upper  molars, 115 

Space  between  outer  faces  of  last  upper  molars, 330 

Greatest  height  of  zygoma, 145 

Height  of  zygoma  at  anterior  extremity  of  malar  suture,.  _     90 

Greatest  diameter  of  occipital  condyle, 120 

Least  diameter, .. 75 

Distance  between  outer  margins  of  occipital  condyles, 204 

All  the  known  remains  of  this  species  are  from  the  Miocene 
of  Colorado,  and  are  preserved  in  the  Yale  Museum. 

Yale  College,  Dec.  24th,  1873. 

Explanation  op  Plates 

Plate  I.     BrorUolheiriwfn  ingens  Mareh.    Side  view.    One-sixth  natural  size. 
Plate  II.  Brontoiherium  ingena  Marsh.    Top  view.     One-sixth  natural  size. 
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Abt.  XIII. — On  the  Minute  Structure  of  the  Solar  Photosphere; 

by  S.  P.  Langley. 

It  will  be  within  the  memory  of  all  concerned  in  such  studies, 
that  when,  in  1861,  Mr.  Nasmyth  announced  the  discovery  of 
what  he  called  the  ''  willow-leaf"  structure  of  the  solar  surface, 
a  lively  interest  was  excited,  and  that  a  subsequent  discussion 
arose  m  which  some  eminent  observers  took  part  It  will  be 
remembered  also  what  a  diversity  of  opinion  was  exhibited, 
not  only  as  to  the  nature  of  tlie  structure,  but  as  to  the  fact  of 
its  existence,  concerning  which  the  most  contradictory  opinions 
were  emitted.  It  was  pointed  out  that  Mr.  Nasmyth  s  estimate 
of  the  size  of  these  bocties  was  inconsistent  with  the  difficulty 
which  was  found  in  seeing  them.  Mr.  Dawes,  than  whom  no 
one  stood  higher  as  an  observer,  denied  their  existence  Father 
Secchi  doubted  the  accuracy  of  the  description,  while  asserting 
that  he  had  seen  multitudes  of  small  discrete  bodies  of  much 
IcHS  size  than  the  so-called  willow  leaves.  Mr.  Stone  and  Mr. 
Donkin  found  the  minute  components  of  the  photosphere  to 
resemble  rice-grains,  and  so  on  with  others.  As  each  observer 
maintained  a  uifTcrent  opinion,  in  spite  of  the  interest  of  the 
discussion,  no  conclusive  result  was  reached  ;  for  it  was  a  peculiar 
feature  of  this  remarkable  controversy  that  it  did  not  arise  con- 
cerning an  interpretation  of  fact,  but  as  to  the  reality  of  the  fact 
itself  concerning  which,  with  the  best  instruments  in  practised 
hands,  it  seemed  difficult  to  find  any  two  observers  to  agree.  The 
state  of  our  present  knowledge  on  the  point  can  hardly  be  con- 
sidered satisfactory,  for  no  telescopic  observations  of  special 
▼fdue  have  been  since  added  of  which  I  am  aware,  with  the 
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exception  of  some  early  ones  by  Lockyer  and  Husgins  (a  paper 
by  the  latter  being  accompanied  by  a  suggestive  drawing),*  and 
01  some  illustrated  by  Swchi's  excellent  sketchea  Tne  diffi- 
culties of  observation  are  in  fact  extreme,  they  are  enhanced  by 
want  of  a  precise  nomenclature,  and  their  elucidation  is  not 
easy  without  elaborate  drawings.  The  present  article,  which 
partly  anticipates  a  prospective  and  completer  publication  on 
the  part  of  the  Allegheny  Observatory,  is  meant  as  a  help  to 
their  removal,  and  as  a  contribution  of  material  for  a  judg- 
ment upon  the  theories  of  the  solar  circulation  due  to  Faye, 
Kirchoff,  Lockyer,  Secchi,  Young,  ZoUner,  and  other  eminent 
students  of  Solar  Physics.  As  it  is  based  only  upon  direct 
telescopic  study  of  the  minute  components  of  the  photosphere, 
it  will  offer  a  distinct  point  of  view  from  that  taken  by  the 
spectroscopist,  and  thougn  therefore  incomplete,  its  testimony  to 
the  action  of  solar  currents  will  yet  have  a  certain  value  from 
the  fact  of  this  independence. 

Most  of  the  minuter  phenomena  to  be  described  are  un- 
recognizable except  with  large  apertures,  which,  in  spite  of 
the  abundant  light,  are  indispensable  for  reducing  irradiation. 
That  of  the  equatorial  of  the  Allegheny  Observatory  is  thir- 
teen inches,  but  when  we  use  so  large  an  instrument  on  the 
sun,  we  find  two  principal  diflSculties.  The  first,  arising  from 
the  concentrated  lipht,  can  be  mitigated  by  optical  aids.  By 
the  liberality  of  a  citizen  of  Pittsburgh,  the  equatorial  has  been 
supplied  with  several  special  accessories  for  such  study,  the 
most  essential  of  which  is  the  polarizing  eye-piece,  which,  in  the 
form  devised  and  employed  here,  presents  a  solar  image  free 
from  color  and  of  any  bnehtness  desired.  To  secure  the  rapid- 
ity needed  in  sketching  objects  whose  forms  are  so  changeable 
without  sacrificinff  accuracy,  Mr.  Rogers,  of  the  Harvard  College 
Observatory,  has  had  the  goodness  to  rule  for  me  one  of  his  very 
exact  reticules  on  thin  glass,  which  for  the  present  purpose  is 
divided  by  faint  lines  into  squares,  the  side  of  each  oeing  one 
one-hundredth  of  an  inch,  the  value  of  which  in  the  solar  focus 
is  11'' '55.  The  Filar  micrometer  is  of  course  also  employed 
where  its  use  is  appropriate. 

The  second  ana  more  formidable  difficulty  arises  from  the 
disturbance  of  our  own  atmosphere,  and  for  this  there  is  no 
present  remedy  but  assiduity  and  patience. 

It  may  be  stated  generally  that  it  will  be  useless  to  look  for 
the  minuter  details  described,  whatever  the  power  of  the  tele- 
scope, save  in  exceptionally  good  definition.  In  such  an  inves- 
tigation, drawings  are  at  present  indispensable.  Photography 
in  the  hands  of  Messrs.  De  la  Rue  and  others  has  been  oi  great 
service  in  furnishing  unquestionable  data  for  the  student  of  the 

*  See  Monthly  Notices  Roy.  Ast  Soc. ;  also,  Proctor,  "  The  Sun." 
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laws  which  govern  the  solar  rotation  and  the  motions  of  the 
spots  in  longitude  and  latitude,  and  all  are  familiar  with  the 
results  obtained  by  Mr.  Rutherfurd ;  but  however  excellent 
these  are,  they  show  that  photography  in  the  most  skillful  hands 
is  at  present  incompetent  to  seize  multitudes  of  details  which 
the  eye  recognizes.  Drawings,  then,  are  necessary,  but  rather 
such  as  imitate  the  fidelity  of  the  topographical  draughtsman, 
than  such  as  aim  chiefly  at  striking  pictorial  effect ;  and  in  the 
absence  of  the  skill  of  an  artist,  I  am  used  to  try  to  secure  accu- 
racy by  reducing  everything  as  far  as  is  possible  to  micrometric 
measurement 

Before  we  turn  with  these  aids  to  the  study  of  the  photo- 
sphere, it  will  be  well  to  describe  briefly  appearances  presented 
by  the  solar  surface  in  telescopes  of  moderate  size. 

Here  we  see  a  disk  of  nearly  uniform  brightness,  which  is  yet 
sensibly  darker  near  the  circumference  than  at  the  center. 
Usually  seen  relieved  against  this  gray  and  near  the  edges,  are 
elongated  and  irr^ular  white  patches  {/acul<B\  and  at  certain 
epochs  trains  of  spots  are  scattered  across  the  aisk  in  two  prin- 
cipal zones  ecjuidistant  from  the  solar  equator.  On  attentive 
examination  it  is  further  seen  that  the  surface  of  the  sun  every- 
where— even  near  the  center  and  where  commonly  neither  fac- 
ulae  nor  spots  are  visible — is  not  absolutely  uniform,  but  is 
made  up  of  fleecy  clouds,  whose  outlines  are  all  but  indistin- 
guishable. The  appearance  of  snow  flakes  which  have  fallen 
sparsely  upon  a  white  cloth,  partly  renders  the  impression,  but 
no  strictly  adec^uate  comparison  can  perhaps  be  found,  as  under 
more  painstakmg  scrutiny,  we  discern  numerous  faint  dots  on 
the  white  ground,  which  seem  to  aid  in  producing  the  impres- 
sion of  a  moss-like  structure  in  the  clouds,  still  more  delicate, 
and  whose  faint  intricate  outlines  tease  the  eye,  which  can 
neither  definitely  follow  them,  nor  analyze  the  source  of  its  im- 
pression of  their  existence. 

These  appearances  have  been  mentioned,  lest  they  should  be 
confounded  in  any  way  with  the  far  minuter  structure  now  to 
be  described. 

Under  high  powers  used  in  favorable  moments,  the  surface  of 
any  one  of  the  fleecy  patches  is  resolved  into  a  congeries  of 
small,  intensely  bright  bodies,  irregularly  distributed,  which 
seem  to  be  suspended  in  a  comparatively  dark  medium,  and 
whose  definiteness  of  size  and  outline,  although  not  absolute, 
is  yet  striking  by  contrast  with  the  vagueness  of  the  cloud- 
forms  seen  before,  and  which  we  now  perceive  to  be  due  to  their 
aggregation.    The  ** dots'*  seen  before  are  considerable  openings 
caused  by  the  absence  of  the  white  nodules  at  certain  points,  and 
the  consequent  exposure  of  the  gray  medium  which  forms  the 
general  background.     These  openings  have  been  called  pores ; 
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• 
their  variety  of  size  makes  any  measurements  nearly  valueless, 
though  we  may  estimate  in  a  very  rough  way  the  aiameier  of 
the  more  conspicuous  at  from  2"  to  4  .  The  bright  nodules 
are  themselves  not  uniformly  bright,  (some  being  notably 
more  brilliant  than  their  fellows  and  even  unequally  bright 
in  portions  of  the  same  nodule),  neither  are  they  uniform  in 
shapa  They  have  just  been  spoken  of  as  relatively  definite 
in  outline,  but  this  outline  is  commonly  found  to  be  irregular 
on  minute  study,  while  it  yet  affects,  as  a  whole,  an  elongated 
or  oval  contour.  Mr.  Stone  has  called  them  rice -grains,  a 
term  only  descriptive  of  their  appearance  with  an  aperture  of 
three  to  four  inches,  but  which  1  will  use  provisionally.  It 
depicts  their  whiteness,  their  relative  individuality,  and  their 
approximate  form,  but  not  their  irr^ular  outline,  nor  a  cer- 
tain tendency  to  foliate  structure  which  is  characteristic  of 
them,  and  which  has  not  been  sufficiently  remarked  upon. 
This  irregularity  and  diversity  of  outline  have  been  already 
observed  by  Mr.  Huggins.  Estimates  of  the  mean  size  of 
these  bodies  vary  very  widely.  Probably  Mr.  Huggins  has 
taken  a  judicious  mean  in  averaging  their  longer  diameter  at 
1"*5,  and  their  shorter  at  1",  while  remarking  that  they  are 
occasionally  between  2"  and  8"  and  sometimes  less  than  1'' 
in  length.*  Estimates  of  their  number  are  few  and  more  or 
less  conjectural.  Mr.  Dunkin,  using  about  four  inches  aper- 
ture, found  between  two  and  three  hundred  of  them  in  a  space 
56''  by  48^'.     If  we  call  the  number  two  hundred  and  fifty, 

we  have  their  average  distance  apart  about  84'  |  =  J_^--?l, 

which  is  certainly  too  great  In  the  almost  total  absence  of 
micrometrir,  determinations,  the  following,  though  imperfect,  will 
have  interest.  With  the  Rogers  micrometer  and  near  the  cen- 
ter of  the  sun,  with  a  power  of  240  and  an  aperture  of  9  inches, 
18  rice-grains  were  counted  in  one  square  (11'''6  on  the  side). 
In  the  next  square  there  were  15,  in  the  next  28.  These  differ- 
ences are  not  so  much  due  to  imperfect  estimation  as  to  a  real 
irregularity  of  distribution.  On  another  occasion,  with  a  higher 
power,  15  rice-grains  were  counted  in  a  line  whose  length  was 
18'' '87  and  on  an  adjacent  part  of  the  disc,  in  the  same  length, 
12.  From  the  mean  number  in  these  squares  and  the  value  of 
the  side  of  a  square  in  arc,  we  deduce  2"*57  as  the  distance 
between  the  centers,  while  with  the  higher  powers  we  obtain 
a  value  of  but  1"'42,  with  every  increase  oi  telescopic  power 
the  number  of  minute  bodies  countetl  as  rice-grains  tnus  being 

*  It  is  weU  to  remember  that  even  upon  this  estimate  each  of  these  "  minute " 
bodies  is  larger  than  Great  Britain. 
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increa&ed  and  the  mean  distance  between  their  centers  dimin- 
ished.* 

In  moments  of  rarest  definition  I  have  resolved  these  **  rice- 
grains  "  into  minuter  components,  sensibly  round,  which  are 
seea  sinjily  as  points  of  light,  and  whose  aggregation  produces 
the  "  rice-grain  "  structure.  These  minutest  bodies,  which  I 
will  call  granule8^\  it  will  appear  subsequently  can  hardly  equal 
0"'i  in  diameter,  and  are  probkbly  less.  (Secchi  is  the  only 
observer,  as  far  as  I  know,  who  appears  to  have  seen  and  meas- 
ured them.  He  observed  them  in  the  edges  of  the  pores,  and 
reckons  their  size  at  "'\  to  '''\^  but  does  not  estimate  their  num- 
ber or  point  out  their  relations  to  the  "  rice-grains.")  They  are 
irregularly  distributed,  with  a  tendency  to  aggregation  in  little 
clusters  (the  clusters  being  the  rice-grains),  and  their  existence 
accounts  for  the  diversity  and  irregularity  in  the  outline  of  the 
latter,  Mr.  Huggins  has  acutely  remarked  upon,  while  it  of 
course  makes  clear  the  reason  of  the  apparent  increase  in  the 
number  of  "  rice-grains "  with  increasmg  telescopic  power. 
The  drawing  gives  in  the  two  squares  distinguished  by  a  heavy 
outline,  transcripts  of  specifically  discriminated  **  rice  grains," 
and  their  component  granules,  as  they  appeared  projected  upon 
the  sauares  of  the  Rogers'  reticule  when  powers  of  from  four 
to  eiglit  hundred  were  advantageously  usea  with  the  full  aper- 
ture of  thirteen  inches.  The  granules  are  the  minute  bodies 
recognizable  as  forming  the  not  very  definite  clusters.  These 
clusters  are,  as  I  have  said,  the  "  rice-grains,"  which  appear 
better  defined  with   smaller  apertures,  but  seen  under  such 

Eowers  lose  in  part  their  individuality.:!:  The  drawing  will 
elp  explain  the  difficulties  in  the  measurement,  and  the  vary- 
ing estimates,  for  we  see  here  that  the  "  rice-grain  "  is  scarcely 
an  entity,  but  that  the  term  (if  still  retained)  should  merely 
convey  our  recognition  of  the  fact  that  there  is  a  tendency  in 
the  granules  to  unite  in  clusters,  and  in  this  sense  only  I  will 
continue  to  use  it  The  apparently  vacant  spaces  may  contain 
more  or  less  of  partly  luminous  granules,  as  I  am  inclined  to 
believe  they  do,  witnout  being  able  to  obtain  certitude. 
Whether  we  consider  the  granules  the  luminous  summits  of 
ascending  currents  of  gases  dissociated  at  lower  depths  and 
becoming  incandescent  at  the  surface,  or  whatever  physical 

*  There  is  no  antecedent  improbability  in  the  idea  that  they  are  more  numerous 
in  certain  latitudes  than  in  others,  but  if  there  be  a  difference,  it  is  inconspicuous. 

f  As  this  word  is  akeady  in  use,  with  another  meaning,  attention  should  be 
given  to  the  restricted  and  definite  significance  which  is  here  assigned  to  it. 

\  I  have  been  led  from  several  independent  observations  to  estimate  that  tlie 
longer  axes  of  the  clusters  lie  in  a  majority  of  cases  nearly  parallel  to  the  solar 
equator,  and  this,  with  certain  appearances  associated  with  the  granules,  makes 
me  think  that  there  is  a  drift  of  Uie  whole  photosphere  in  the  same  direction.  At 
the  same  time,  I  wish  to  await  more  of  the  rare  opportimities  for  these  difficult 
measurementB  before  announcing  this  as  a  fact  not  open  to  question. 
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theory  we  adopt,  we  may  admit  the  contiDgency  of  a  more 
general  distribution  than  is  at  first  apparent,  while  recognizing 
that  we  can  number  those  distinctly  visible,  and  can  compute 
the  area  they  expose,  without  fear  that  our  estimate  will  inauce 
material  error  from  the  neglect  of  the  existence  of  other  of 
these  bodies  relatively  non-luminous,  which  with  more  power- 
ful instruments  might  conceivably  be  discerned. 

In  fact,  the  prevalent  impr^ion  that  the  brilliant  bodies  to 
which  the  photospheric  light  is  chiefly  due  are  so  closely  set  that 
only  minute  dots  or  shades  of  thread-like  narrowness  appear  be- 
tween, is,  I  venture  to  state,  incorrect  I  hardly  think  it  can  be 
shared  by  one  who,  after  his  attention  is  directed  to  this  point, 
has  the  opportunity  of  studying  them  under  circumstances  of 
reduced  irradiation,  when  these  bodies  are  seen  to  occupv  the 
smaller  portion  of  the  area  they  at  first  appear  to  fill  Inde- 
pendent calculations  will  reduce  this  area  still  farther.  The 
number  of  granules  varies  widely,  there  being  commonly  from 
three  to  ten  to  the  rice-grain,  while  a  count  of  individual  gran- 
ules with  the  highest  powers  gives  from  eighty  to  one  hundred 
to  each  of  the  squares.  More  might  doubtless  be  reckoned  by 
powers  which  subdivided  the  granule,  but  this  would  not 
affect  the  estimate  of  their  aggregate  area.  If,  to  allow  the 
widest  latitude  for  errors  of  observation,  I  assume  that  the 
granule  may  be  as  much  as  ''"4,  and  the  number  to  the  square 
two  hundred,  I  still  find  that  the  properly  luminous  area  is  less 
than  one-Jiftli  of  the  solar  surface. 

We  are  now  prepared  to  study  the  minute  structure  of  tbe 
photosphere  under  another  aspect,  as  it  appears  in  the  spots. 
It  is  impossible  to  make  such  a  drawing  as  that  here  given 
from  any  single  delineation,  owing  to  the  rapidity  with  which 
spots  change  their  form.  I  have  accordingly,  while  taking  the 
general  contour  and  many  details  from  drawings  of  the  great 
spot  of  March  5  and  6,  lb73,  added  the  results  of  numerous 
studies  of  detail  in  other  spots,  made  during  the  past  two 
years.  Such  a  method  has  obvious  drawbacks,  in  a  liability 
to  exhibit  features  individually  true  in  a  connection  in  whicTii 
they  would  not  be  found  in  nature.  There  is  no  alternative, 
however,  until  solar  photography  has  made  further  advances ; 
and  I  have  used  my  best  pains  to  combine  only  such  features 
as  belong  in  organic  connection.  I  have  made  it  a  rule  tc^  set 
down  only  so  much  as  was  unquestionably  seen,  and  therefore 
to  give  nothing  which  was  partly  seen,  partly  inferred,  and  to 
make  the  annexed  drawing  as  far  as  possible  a  faithful  tran- 
script of  sketches  taken  at  the  telescope,  and  which  were,  when- 
ever possible,  completed  and  compared  before  leaving  it 
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To  represent  the  gradations  of  light  from  the  intensest  splen- 
dor to  the  darkness  of  the  nuclei,  we  have  here  only  the  limited 
range  between  a  white  and  a  black  pigment  This  almost 
compels  partial  falsity  in  the  degrees  of  shade,  and  there  is,  for 
instance  in  the  drawing,  a  relative  exaggeration  of  the  shade 
which  marks  the  outer  boundary  of  the  penumbra,  and  without 
which  the  important  details  would  be  hardly  visible.  The 
drawing  is  crossed  by  fine  lines  which  represent  squares  of  the 
Rogers  reticule  projected  on  the  sun,  and  it  will  be  con- 
venient to  remeniber  that  the  side  of  each  corresponds  very 
nearly  to  a  linear  measure  of  5,000  miles.  The  line  marked  H 
corresponds  nearlv  to  the  trace  of  the  ecliptic ;  lines  parallel  to 
it  are  lettered,  an5  those  perpendicular  to  it  numbered,  so  that 
ty  Jmi  for  example,  we  may  denote  the  part  of  the  spot  near 
the  intersection  of  "J"  and  *'  18." 

In  approaching  the  spot,  the  photosphere  becomes  usuallv 
very  slightly  brighter,  and  it  is  more  difficult  to  distinguisn 
individual  granules  till  just  at  the  edge  of  the  penumbra. 
Here  the  continuity  of  the  photosphere  is  suddenly  interrupted. 
The  penumbra  is  usually  darkest  around  this  edge,  the  snade 
defining  the  granules;  which  here  appear  to  be  elongated,  while 
some  are  apparently  pulled  out  into  long  filaments,  which  cross 
the  outer  penumbral  shade  without  a  diminution  of  brilliancy. 
Then  the  penumbra  grows  brighter  to  the  inner  edge,  but  not 
with  a  uniform  progression,  there  being  rather  a  sudden  in- 
crease of  brightness  at  about  half  its  width.  This  inner  edge 
is  usually  (not  invariably)  the  brightest  part  of  it,  and  it  is 
sometimes  comparable  in  brilliancy  to  the  photosphere.  (The 
general  description  just  given  applies  only  to  the  normal  type 
of  spots,  and  nas  very  wide  exceptions.)  The  penumbra  is  all 
but  wholly  made  up,  as  it  appears  on  a  first  examination,  of 
cloud-forms  whose  structure  makes  them  seem  like  fagots  or 
sheaves  of  some  elongated  objects.  These  sheaves  Mr.  Dawes 
has  compared  to  bundles  of  thatch,  the  likeness  being  helped 
by  what  appear  to  be  individual  straws  protruding  beyond 
others  over  the  penumbral  shade.  With  further  study,  with 
the  highest  powers,  Mr.  Dawes'  comparison  does  not  quite  hold. 
With  these  the  penumbra  is  resolved  into  "filaments"  of  extreme 
tenuity,  which  by  their  aggregation  make  the  "  thatch,"  just  as 
the  minute  granules  of  the  photosphere  compose  the  "  rice- 
grains."  These  filaments  I  have  observed  to  have  a  tendency 
to  lie  in  sheets  or  folds,  whose  superposition  causes  different 
decrees  of  brightness,  and  gives  the  thatch  aspect  (G^  to  H,), 
and  there  is  also  a  resemblance  (not  shown  in  the  drawing)  at 
times  to  the  appearance  of  water  falling  so  thickly  that  it 
coheres  in  sheets  or  veils,  such  as  are  seen,  for  instance,  in  ad- 
vance of  the  main  body  of  the  fall  at  Niagara,  or  even  at 
moments  in  violent  rain  storms. 
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In  the  best  definition  I  find  that  the  normal  darkness  of  the 
outer  penumbra  is  nothing  else  than  the  darkness  of  the  gray 
medium  in  which  the  granules  float  all  over  the  sun,  though 
much  deeper  tints  are  here  and  there  found,  which  sometimes 
make  the  penumbra  almost  resolvable  into  a  ring  of  little  spots. 
Over  this  shade  stretch  here  and  there  bright  filaments,  which 
are  continuous  with  the  granules  of  the  photosphere  (K^.  F^  to 
E7  and  elsewhere),  through  it  are  sometimes  dimly  tiuceable  fila 
meats  which  apparently  float  at  lower  depths.  It  seems  to  me 
that  there  is  no  room  for  doubt,  that  "filaments"  and  "granules" 
are  names  for  different  aspects  of  the  same  thing ;  that  filaments 
in  reality  are  floating  vertically  all  over  the  sun,  their  upper 
extremities  appearing  at  the  surface  as  granules ;  and  that  in 
the  spots  we  only  see  the  general  structure  of  the  photosphere, 
as  if  in  section,  owing  to  the  filaments  being  here  inclined. 
They  are  in  the  best  definition  very  commonly  observed  to 
have  a  ragged  outline  near  their  extremities,  like  bearded 
grain,  suggestive  of  the  idea  that  they  mav  be  formed  of  the 
union  of  a  still  smaller  order  of  their  kind.  They  are  not  of 
strictly  uniform  size,  but  the  lai^r  ones  usually  give  indica- 
tions of  resolvability. 

It  is  practically  impossible,  in  the  brief  intervals  of  perfect 
definition  during  which  such  work  can  be  carried  on,  to  so 
multiply  micrometric  measurements,  that  from  their  concor- 
dance any  idea  of  their  probable  error  is  obtainable  by  the 
usual  treatment  Measurements  taken  at  different  times,  and  on 
different  parts  of  the  penumbra,  by  counting  the  number  of 
filaments  in  a  given  space,  give  from  0"*7  to  1  "0  as.the  average 
distance  from  center  to  center  of  pirallel  filaments  separated  by 
scarcely  measurable  intervals ;  at  the  same  time  that  the  dis- 
tance in  some  parts  is  greater,  it  is  in  othera  much  less.  One 
example  of  these  measurements  will  sufiica 

To  reach  a  satisfactory  determination  of  the  upper  limit  of 
the  size  of  these  threads  at  their  extremity,  ten  very  close 
filaments  were  counted  upon  one  occasion,  which  were  sepa- 
rated by  lines  of  unequal  though  not  measurable  width.  Three 
consecutive  measurements  with  the  Filar  micrometer  gave 
5"-34,  5"-30,  5"*27,  as  the  width  of  the  whole  ten,  the  mean 
being  5" '30.  To  consider  the  effect  of  irnidiatiou,  we  may 
assume  from  experience  and  without  fear  of  contradiction,  tliat 
a  telescope  of  thirteen  inches  aperture,  and  with  a  power  of 
500,  could  not,  under  the  most  fiavorable  circumstances,  com- 
pletely separate  two  stars  whose  distiince  is  less  than  '''3,  and 
that  consider! npj  that  these  vividlv  irradiant  filaments  were  not 
only  clearly  separated,  but  that  some  of  the  divisions  were 
wider  than  others,  we  must  conclude  that  the  unknown  inter- 
vals which  separate  them  arc  not  less  than  ''*3.     The  sum  of 
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the  nine  interspaces  is  then  not  less  that  2''*7,  and  subtracting 
this  from  5''*3  we  have  2"'6,  as  the  most  that  can  be  as- 
signed to  the  ten  filaments,  giving  0"'26  as  the  upper  limit 
for  the  width  of  those  under  examination.  But  filaments  are 
sometimes  visible  on  the  umbra  so  attenuated  that  they  seem 
like  threads  of  gossamer,  and  which,  if  thev  have  the  same 
intrinsic  brilliancy  as  those  measured,  are  demonstrably  not 
over  "'08  in  diameter,  and  of  course,  apart  from  their  irradia- 
tion, far  beyond  the  reach  of  the  most  powerful  telescope. 
Their  appearance  is  somewhat  rare,  but  I  have  studied  it  in 
several  cases;  between  H^-I^  will  be  found  an  illustration, 
which,  however,  gives  an  inadequate  idea  of  their  extreme 
tenuity.  One  is  reminded  of  recent  spectroscopic  drawings  of 
filamentary  structures  in  the  chromosphere  {Uomptes  Rendus^ 
voL  Ixxvi,  p.  1054),  though  here  the  appearance  is  more  tree- 
like. 

The  course  of  this  examination  has,  it  is  hoped,  made  it 
plain,  that  if  the  photosphere  were  really  composed  of  spindle- 
shaped  bodies  about  one  hundred  miles  wide  by  one  thousand 
long  (nearly  0'''2  by  2^', — the  dimensions  of  Mr.  Nasmyth's 
"willow-leaves"),  they  would  not  have  escaped  notice.  Yet 
while,  with  a  confidence  justified  by  the  micrometric  measure- 
ments of  so  much  smaller  bodies,  we  may  say  that  Mr.  Nas- 
myth  was  misled  in  a  matter  of  detail,  we  should  remember 
that  he  appears  to  have  been  the  first  to  distinctly  call  atten- 
tion to  the  singular  individuality  of  the  minute  components  of 
the  photosphere,  and  this  seems  in  fairness  to  entitle  him  to 
the  credit  of  an  important  discovery,  with  which  his  name 
should  remain  associated. 

Solar  cyclones,  which,  even  without  the  aid  of  the  spectro- 
scope we  see  are  incomparably  more  violent  than  our  own 
tropical  tornados,  act  on  the  filaments  without  destroying 
their  identity.  It  is  probable  that  both  the  filaments  and  the 
granules  I  have  so  minutely  described,  may  hereafter  be  re- 
solved into  smaller  components  still,  but  their  persistent  indi- 
viduality as  a  whole  under  such  disturbance,  impresses  me 
as  a  most  striking  feature,  and  one  for  which,  under  similar 
circumstances  we  have  no  exact  analogy  in  our  own  meteor- 
ology.* 

Let  us  now  consider  the  filaments  as  indices  of  the  character 
of  the  gaseous  circulation  of  the  sun  as  we  see  it  in  the  spots. 
We  find  about  F^  and  G3  two  considerable  masses  of  the  pho- 

*  lo  the  recent  oondusions  of  Clerk  Maxwell  and  others,  as  to  the  viscosity  of 
gases  tinder  high  temperature,  and  in  what  is  known  of  the  diffusion  rates  of 
gases  and  yapors,  we  have  occasion  for  interesting  suggestions  as  to  the  possible 
explanation  of  some  of  their  peculiarities,  the  consideration  of  which,  however, 
doee  not  form  a  part  of  our  present  subject. 
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tosphere  nearly  severed  from  the  main  body  by  rifts  which  are 
spreading  behmd  them,  and  which  in  the  reality  we  should  see 
progressively  widening  until  these  spaces  were  islanded,  and 
merged  in  the  penumbra.  Immediately  below  them  at  H, 
commences  a  '*  bridge."  It  starts  from  the  general  level  of 
the  photosphere,  which  it  apparently  maintains  throughout  the 
entire  length  (of  nearly  15,000  miles),  as  it  is  nearly  equally 
brilliant  everywhere.  The  whole  length  is  traversed  by  a  fine 
line,  (this  and  the  strange  form  of  the  extremity  being  sketched 
from  one  of  two  bridges  in  the  great  spot  of  September,  1870.) 
The  theory  of  an  emment  modern  physicist,  that  sun-spots  are 
solar  clouds,  and  the  bridges  rifts  m  the  cloud  through  which 
the  photosphere  is  seen,  would  doubtless  have  been  modified 
by  an  opportunity  for  personal  observation  of  such  details. 

In  this  respect,  these  minutiae  are  of  interest,  their  study 
suggesting  answers  to  many  questions,  and  enabling  us  to  de- 
cide in  part  as  to  opposed  theories.  Near  I^  the  filaments  are 
contorted  and  thrown  over  each  other,  a  thing  of  ordinary 
occurrence.  The  row  of  brilliant  dots  immediately  below  this 
is  an  appearance  which  has  not  escaped  Secchi,  who  has  an 
illustration  of  it.  Its  physical  interpretation  has  never,  I  think, 
been  given  ;  we  obtain  it  in  connection  with  the  study  of  the 
filaments  immediately  below.  The  filaments  in  general  wear 
the  appearance  of  lying  in  sheets,  or  like  feathers  on  a  quill, 
but  here  the  planes  in  which  they  lie  are  tilted  vertically  (by 
the  action  of  an  ascending  current  7)  so  as  to  expose  the  tips 
only  which  form  the  dots.  Immediately  below  an  instance  is 
given  of  the  effects  of  a  current  apparently  setting  upward 
and  forming  part  of  a  whirlwind  witn  an  axis  greatly  inclined 
to  the  vertical,  two  successive  laminae  of  filaments  being  both 
curved  and  tilted.  Following  these  filaments  down  to  the  um- 
bra, we  find  them  nearly  uniformly  curved,  and  just  beyond 
them  the  umbra  filled  with  brilliant  points,  on  a  ground  less 
dark  than  the  general  shade.  From  tuis  part  of  the  spot  (K^ 
to  J„),  every  filament  is  copied,  in  exact  coUocution  with  its 
neighbors,  from  natura  We  observe  that  their  curvature  in- 
creases rapidly  toward  their  ends,  and  that  those  almost  in  con- 
tact may  have  their  curves  opposed.  The  physical  explana- 
tion of  this  appears  to  involve  the  assumption  of  the  presence 
of  numerous  small  and  independent  whirlwinds;  even  right- 
handed  and  left-handed  whirls  being  in  juxtaposition.  A 
strange  kind  of  bar  lay  across  the  tips  of  the  filaments  here, 
in  a  position  which  could  not  have  been  anticipated.  I  have 
occasionally  observed  filaments  stretching  in  masses  over  the 
uinbra,  which  have  a  resemblance  to  reeds  bending  over  a 
stream  (Ig),  some  of  them  growing  darker  near  the  ends  as  if 
dipping  their  tips  in  its  turbid  fluid.     A  very  peculiar  form. 
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and  one  difficult  of  explanation  at  first,  is  that  which  I  can 
best  compare  to  the  trunk  of  a  fallen  tree  covered  with  snow, 
entirely  smooth  and  straight  upon  one  side,  and  hung  with 
icicles  on  the  other  (I,  to  I,). 

In  the  spot  whence  this  was  taken,  the  appearance  was  so 
strikingly  suggestive  of  crystalline  structure,  that  it  was 
necessary  to  recall  that  eacn  '* crystal"  was  from  one  to  two 
thousand  miles  in  length,  to  dispel  the  illusion.  It  is  probably 
due  to  a  rift  in  the  photosphere  (however  caused),  the  filaments 
on  opposing  edges  being  partly  drawn  out  and  partly  dissi- 
pated. 

The  appearance  of  the  part  of  the  spot  just  over  this  is  inade- 
quately represented  in  the  sketch,  and  it  would  in  fact  be  hard 
to  depict  it  Pine  boughs  covered  with  hoar-frost  and  icicles 
would  not  unfairly  imitate  its  eflect,  for  the  impression  derived 
in  the  f)olarizing  eye-piece  from  the  pure  whiteness  and  the 
crystal-like  forms  oi  such  portions  is  associated  rather  with  cold 
than  heat 

The  umbra  of  a  spot,  as  seen  with  this  eye-piece,  is  a  com- 
plex structure.  The  tips  of  the  filaments,  though  usually 
bright  as  if  turned  up  oy  an  ascending  current  around  the 
edges,  are  sometimes  darker  toward  their  extremities,  as  in  an 
instance  already  cited  (Ja) ;  sometimes  a  whole  bank  of  fila- 
ments appears  submerged  (I^).  Occasionally  the  bridges  rise 
from  below  the  photosphere,  growing  progressively  brighter 
toward  the  extremity,  as  in  a  remarkable  instance  given  in  the 
sketch.  The  awkward  termination  of  the  bridge,  bearing  a 
certain  rude  resemblance  to  the  outline  of  a  human  leg  and 
foou  presents  itself  so  often  that  I  am  inclined  to  attribute  it  to 
a  constant  cause. 

It  is  a  common  thing  to  see  a  large  spot  built  up  by  the 
adhesion  of  numerous  groups  of  smaller  ones.  The  appear- 
ance of  these  under  low  powers,  is  that  of  wholly  isolated  spots 
in  accidental  juxtaposition.  Under  closer  scrutiny,  however, 
they  are  seen  to  have  a  physical  connection,  denoted  by  faint 
outlines  of  cloud-forms  of  the  photosphere,  which  unite  them, 
and  which  take  on  the  appearance  of  irregular  lines  of  rupture^ 
if  I  may  use  such  an  expression.  (Several  of  these  are  given 
in  the  sketch,  uniting  the  two  main  divisions  of  the  drawing.) 
These  lines  of  rupture  are  not  always  easily  seen.  They  fol- 
low the  irregular  outline  of  the  photospheric  cloud-masses 
which  determine  them;  frequently  there  is  a  uniform  deeper 
shade  at  one  side  than  another  (Gr,2  to  1, 3),  and  occasionally 
we  make  out  that  their  course  is  bordered  by  an  approximately 
horizontal  disposition  of  the  filaments  like  that  seen  in  the 
penumbra.  Tnese  ordinarily  here  show  traces  of  cyclonic  ac 
tion      Incipient  penumbrae  they  are,  in  fact,  and  the  better  our 
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definition  the  more  clearly  we  see,  that  not  only  this,  but 
every  part  of  the  photosphere,  repeats  with  modifications  the 
behavior  of  the  larger  penumbrae,  so  that  we  may  almost  say 
the  sun  at  times  seems  to  be  aU  spot 

In  the  spot  of  March  5th,  and  in  the  portion  indicated  in  the 
sketch,  a  long  filament  was  seen  bent  into  a  curious  ear-shaped 
curve.  Before  a  rough  sketch  of  it  was  completed,  the  whole 
of  the  northwestern  part  of  the  curve  disappeared,  being  drawn 
away  from  the  rest  and  dissolving  as  it  moved,  passing  from 
white  through  shades  of  reddish  orown  till  it  was  lost  in  the 
tints  of  the  umbra.  The  portion  which  suflered  this  remarka- 
ble dissolution  was  about  8,000  miles  in  length.  Clear  evidence 
of  superposed  currents  is  seen  where  one  stratum  of  filaments 
drifts  over  another  in  a  different  direction  (H^,  I,  ^  and  else- 
where). This  phenomenon  has  been  apparently  observed  by 
Lockyer*  and  Secchif  in  isolated  cases.  It  seems  to  me  clearly 
discernible  almost  everywhere,  and  that  it  is  the  indication  of 
an  important  physical  law  of  the  gaseous  circulation  of  the  sun. 
We  must  infer  from  it  that  the  circulation  is  not  wholly  in  as- 
cending and  descending  currents,  or  from  uniform  cyclonic 
action,  but  that  currents  greatly  inclined  to  the  vertical,  and 
often  approximately  horizontal,  are  also  everywhere  superposed 
in  the  penumbrse ;  of  which  the  photospheric  clouds  give  ocular 
evidence  of  the  same  kind,  and  nearly  the  sj\me  conclusiveness 
that  assures  us  of  the  different  currents  superposed  in  the 
terrestrial  atmosphere. 

In  the  northern  portion  of  the  same  spot,  which  was  the 
center  of  violent  disturbance,  several  remarkable  forms  pre- 
sented themselves,  for  the  study  of  which  I  had  the  good  for- 
tune of  excellent  definition.  The  most  prominent  bore  a  re- 
semblance in  outline  to  a  plume,  but  had  something;  in  its 
structure,  I  do  not  know  how  to  render  exactly,  or  to  describe. 
Tlie  appearance  of  a  window-pane  covered  with  frost-figures 
would  give  a  not  inadequate  idea  of  its  effect,  which  was  at 
once  foliate  and  crystalline  ;  but  in  the  original  this  effect  was 
also  that  of  such  a  figure  viewed  through  successive  veils  of 
lace,  each  superposing  a  semi-transparent  and  fern-like  pattern. 
The  whole  appearance  was  one  of  singular  beauty,  and  the 
sketch  gives  a  most  inadequate  idea  of  it 

I  use  the  tenns  '*  foliate "  and  **  crystalline  "  as  accurately 
dascriptive  of  the  appearance  merely,  without  intending  to 
apply  them  to  the  organic  cause  of  the  structure.  Since  writ- 
ing this,  I  notice  that  tlie  same  dual  comparison  has  presented 
itself  to  Secchi,  who  likens  an  appearance,  which  presented 
itself  at  the  extremity  of  a  '*  bridge,  at  once  to  that  of  a  cactus 
and  that  of  a  crystallization  of  sal-ammoniac     (See  Secchi- 

*  Monthly  Notioes  Roy.  Ast  Soa,  1865.  f  Die  Sonne,  voL  i,  p.  86. 
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Scbellen,  Die  Sonne,  vol.  i,  p.  78.)  Considering  that  this  remark- 
able object  covered  a  greater  are*  than  the  united  North  and 
South  American  continents,  it  seems  probable  that  the  "crystal- 
line "  appearance  was  due,  in  part  at  least,  to  the  superposition 
of  the  filaments  in  numerous  semi-transparent  cloud  strata,  and 
the  lace-like  veils  to  nearly  transparent  strata  suspended  still 
higher.  "  Clouds  "  is  the  only  word  we  can  employ,  since  we 
can  only  illustrate  by  terrestrial  analysis,  but  the  structure  of 
the  terrestrial  cloud  is  formless  and  indefinite  by  comparison. 
The  higher  the  telescopic  power  we  can  apply  to  such  s(>lar 
clouds,  the  more  definite  becomes  the  structure :  we  find 
everywhere  those  strange  objects  we  call  granules,  or  filaments, 
or  crystals,*  taking  more  varied  and  more  definitely  foliate 
forms  the  more  we  analyze  them.  I  might  borrow  here  from 
Mr.  Lockyer  his  companson  of  certain  chromospheric  forms  to 
an  English  hedge-row.  Some  of  the  appearances  of  the  chro- 
mosphere and  photosphere  seem  almost  identical :  perhaps  in 
looking  througn  the  former  we  receive  at  times  a  confusea  im- 
pression of  its  existence  even  without  the  spectroscope. 

A  reference  to  the  drawing  will  show  a  curious  structure, 
which  was  sketched  at  the  same  time.  Lying  upon  the  oppo- 
site side  of  the  umbra  were  four  long  filaments,  or  fascicles  of 
filaments,  of  immense  size,  bent  into  curves  which,  as  they  are 
typical  ones,  should  be  studied  in  their  physical  connection.  I 
reier  particularly  to  the  "  quickening  "  of  the  curves  near  their 
extremity,  or,  in  other  words,  to  the  progressive  rate  of  diminu- 
tion of  the  radius  of  curvature  throughout  their  entire  length, 
as  a  probable  index  of  the  distance  from  the  axis  to  the  cir- 
cumference of  the  cvclone  which  produced  them.  Connecting 
these  curves  with  tne  opposite  penumbra  were  several  others, 
which  joined  them  in  the  peculiar  way  shown  (C.^  to  C,g). 
These  three  were  in  the  position  of  ropes  made  fast  at  both 
ends.  [Notice  the  slight  curve  in  each,  the  clear  line  on  the 
concave,  and  the  fringe  on  the  convex  side  of  the  curve,  as  if 
it  were  blown  out  by  the  wind  of  the  upper  branch  of  the 
whirl.]  Near  the  northwestern  limits  of  the  curve  was  a 
scene  of  violent  disturbance.  Even  in  the  chaotic  confusion 
here,  it  was  noticeable  that  the  filaments  retained  their  individ- 
uality ;  far  from  blending  into  a  common  mist,  they  appeared 
here  in  short  straight  pieces  as  if  broken.  I  sa^  **  as  if,'*  not 
meaning  to  predicate  brittleness  of  their  qualities,  but  at  the 
same  time  asking  attention  to  the  appearance  of  these  objects 
under  such  conditions,  as  one  for  which  we  could  expect  to 
find  no  good  analogy  in  terrestrial  clouds.  Evidence  oi  what 
appeared  to  be  the  meeting  of  right  and  left-handed  whirls 
was  not  wanting  in  this  part  of  the  spot 

^  A  tenn  already  used  by  Ohaoomac 
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It  is  very  desirable  to  determine  whether  the  penumbra! 
slope  is  formed  by  a  superior  (or  lateral)  pressure  which 
separates  the  photosphere,  or  whether  it  is  built  up  by  the 
deposits  of  vapors  ascending  from  the  sides  of  the  umbra.  I 
have  made  (B,5,  Byj)  a  careful  transcript  from  nature  of  every 
granule  or  filament  visible  in  the  penumbitJ  edge  for  this  dis- 
tance. To  me  it  seems  that  the  eage  of  a  torn  piece  of  cloth, 
with  its  projecting  threads,  would  not  give  clearer  evidence  of 
rupture. 

I  cannot  conclude  this  description  without  speaking  of  the 
umbrae,  though  their  study  would  form  a  chapter  by  itself 
The  polarizing  eye  piece  sives  us  interesting  information  about 
the  nuclei  or  those  darkish  shades  of  the  umbra  discovered  by 
Dawes. 

Are  these  round,  nearly  central  openings,  so  that  looking 
into  one  we  are  looking  into  the  axis  of  the  cvclone  to  which 
the  spot  is  due, — into  the  vortex  of  the  great  wtirl  down  which 
the  chromospheric  vapors  are  being  sucked  by  mechanical  ac- 
tion ?  Are  they  ragged  apertures — the  craters  as  it  were  of 
eruptions  whence  metallic  vapors  are  being  forced  up  f  The 
answer  to  this  question,  were  there  but  these  two  alternatives, 
would  be  definitive  as  to  our  choice  between  the  principal 
theories  of  solar  circulation.  But  we  cannot  answer  peremp- 
torily in  favor  of  either.  I  have  seen  these  nuclei  neatly 
defined,  circular  central  apertures,  but  I  have  also  and  not 
unfrequently  seen  them  ragged  rents,  as  shown  in  the  drawing. 
It  is  noticeable  that  the  very  darkest  nuclei  are  sometimes 
close  under  the  bright  ends  of  filaments,  which  it  would  seem 
could  not  present  their  usual  aspect  with  the  downward  suc- 
tion of  a  cyclone  beneath  them. 

I  will  briefly  recapitulate  those  of  the  results  of  these  tele- 
scopic studies  which  seem  to  have  been  before  little  observed 
or  undescribed. 

The  ultimate  visible  constituents  of  the  solar  photosphere 
being,  not  the  rice-grains,  but  smaller  bodies  which  compose 
them,  and  the  size  of  these  latter  being  valuable  at  not  over 
0"'3  ;  from  a  comparison  of  the  total  area  covered  by  them 
with  that  of  the  whole  sun,  we  are  entitled  to  say  that  the 
greater  part  of  the  solar  light  comes  from  an  area  of  not  over 
one-fifth  of  its  visible  surface,  and  which  may  be  indefinitely 
less. 

We  must  ill  en  greatly  increase  our  received  estimates  of  the  in- 
tensity of  the  action  to  which  solar  light  {and  presumptively  its 
heat  and  actinism)  are  due,  on  whatever  tiieory  we  form  them, 
(There  is  a  presumption  from  observation  that  there  is  a  drift 
of  all  the  photosphere  in  a  direction  approximately  parallel  to 
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its  equator,  while  the  evidence  as  to  this  point  is  not  yet  con- 
clusiva) 

In  the  penumbrae  there  are  not  only  ^umerous  small 
cyclones,  and  even  right  and  left-handed  whirls  in  the  same 
spot,  but  probably  currents  ascending  nearly  vertically,  while 
tne  action  of  superposed  approximately  horizontal  currents  is 
so  general  that  tney  must  be  considered  a  prominent  feature  in 
our  study  of  solar  meteorology. 

A  study  of  the  outer  penumbral  edge  leads  to  the  conclu- 
sion that  it  is  formed  by  rupture. 

Speaking  without  reference  to  spectroscopic  investigations, 
it  seems  to  me  that  we  have  in  the  behavior  of  our  filaments  a 
presumption  as  to  the  existence  of  ascending  currents  in  the 
outer  penumbra,  and  of  both  ascending  and  descending  cur- 
rents at  the  umbral  edge;  ascending  ones  being  the  more 
osuaL  I  think  I  recognize  with  this,  and  very  commonly, 
currents  setting  inward  and  upward  from  the  outer  confines  of 
the  spot,  and  I  find  no  difficulty  in  associating  the  idea  of 
these  phenomena  with  that  of  cyclonic  action.  Let  us  remem- 
ber that  though  the  spot  shown  in  our  drawing  is  by  no  means 
one  of  the  largest,  the  umbra  of  its  left  branch  alone  covers  an 
area  of  over  100,000,000  English  miles.  If  we  keep  the  real 
yastness  of  the  field  of  these  operations  before  our  minds,  and 
use  the  terms  in  not  too  absolute  a  sense,  we  shall  be  able  to 
see  the  truth  of  both  the  eruptive  and  cyclonic  theories,  in  the 
coexistence  of  phenomena,  which,  discussed  separately,  would 
justify  either. 

It  seems,  however,  hardly  possible  to  devote  long  telescopic 
observation-  to  the  minute  structure  of  the  photosphere,  without 
reaching  the  conclusion,  that  evidence  of  the  cyclonic  action 
is  the  more  widely  marked,  and — while  recognizing  that  the 
normal  type  of  the  cyclone-spot  is  rare,  that  the  evidence  of 
cyclonic  action  away  from  the  spots  is  feeble,  and  that  in 
them  such  action  apparentlv  does  not  explain  all  these  phe- 
nomena— we  vet  cannot  withhold  a  more  or  less  complete  ac- 
ceptance of  the  theory  of  Faye,  as  one  unquestionably  resting 
upon  a  vera  causa,  and  uniting  beyond  any  other,  a  wide  range 
of  otherwise  isolated  truths  under  a  single  law. 

Allegheny  Obfleiratory,  Dec.,  18*73. 
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Art.  XIV. — Measurements  of  the  Polarization  of  the  Light  re- 
flected hy  the  Sky,  and  by  one  or  more  plates  of  glass;  by  Prof. 

Edwabd  C.  Pickering. 

The  following  observations,  which  will  be  published  in  full  in 

the  Proceedings  of  the  American  Academy  of  Arts  and  Sciences, 

were  conducted  to  test  Fresnels  formula  for  the  reflection  of 

light    He  showed  that  if  the  light  was  polarized  in  the  plane  of 

sin'  (i-^r^ 
incidence,  the  amount  reflected  would  be  A  =  --  -—-, — {,  while, 

sm*  (»+r)  ' 

if  polarized  in  a  plane  perpendicular  to  it,  the  proportion 
would  he  B  =  ^— - ,  , . .    .,  *  and  r  representing  the  angles  of 

incidence  and  refraction  respectively.  Natural  light  may  be 
regarded  as  composed  of  two  equal  beams  polarized  at  right 

angles,  hence  the  amount  reflected  R=i{A  4-J3)=^(  .  ,  /'T^\+ 

- —  2) '4.  X  ^  formula  which  may  be  applied  to  any  special 

case,  by  substituting  proper  values  for  t  and  r.  The  value  of 
A  evidently  increases  as  t  varies  from  0°  to  90®.  That  of  5, 
on  the  other  hand,  diminishes  from  0®  until  i+r=90**,  when 
it  equals  0,  or  at  this  angle,  which  is  that  of  total  polarization, 
all  of  the  ray  B  is  transmitted,  all  the  reflected  oeam  being 
polarized  in  the  plane  of  incidence.  When  t=90°,  -4  =  1,  ^=1, 
uence  all  the  light  is  reflected.     When  t=^0°.  A,  -B,  and  R 

equal  (-xr)  »  hence  the  reflected  light  increases  with  n^  being 

zero  when  n=l,  and  100  per  cent  when  n  =  00.  Many  famil- 
iar phenomena  are  thus  readily  accounted  for.  For  instance, 
the  brightness  of  the  diamond,  the  covering  power  of  white 
lead  as  a  paint,  and  the  brilliancy  of  wet  or  varnished  stones 
and  woods, 

A  curious  case  presents  itself  when  n  =1+ dn  or  differs 
from  unity  only  by  an  infinitesimal  amount  A  then  becomes 
equal  to  \dn'  (IVtang'?*)',  and  JS^^rfn'  (l-tang»tV.  When 
1=0°,  J.,  B,  and  R  equal  idn*,  and  this  quantit}^  is  accordingly 
taken  as  the  unit  in  Table  I.  The  first  column  gives  \arious 
values  of  the  angle  of  incidence,  the  second  and  third  the 
corresponding  values  of  A  and  By  the  fourth  the  amount  of 
li^ht  reflected,  and  the  fifth  the  degree  of  polarization.  The 
other  columns  will  be  explained  liercaftcr.  This  table  is 
evidently  applicable  to  all  cases  where  the  media  bounding  the 
surface  have  nearly  the  same  index,  whether  its  absolute 
amount  is  great  or  small. 
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Tabls  L — lAffiit  reflected  when  n  is  near  unify,  or  equals  1  +  dn. 


1 

m 

t 

A 

B 

HA  +  S) 

A-B 
A  +  B 

Theor. 

Obe. 

Differ. 

0* 

1*000 

1-000 

1-000 

0-0 

0-0 

00 

0-0 

6 

1-016 

•986 

1-000 

1-6 

10 

1-0 

0-0 

10 

1-063 

-939 

1-001 

6-2 

4-2 

3-6 

+  0-7 

16 

1-149 

-862 

1*005 

14-3 

10-0 

90 

+  1-0 

20 

1-282 

•762 

1017 

26-0 

18-2 

17-5 

+  0-7 

26 

1-482 

-612 

1-047 

41-5 

29-0 

28*5 

+  0-6 

30 

1-178 

•444 

1-111 

60-0 

42-0 

41-0 

+  1-0 

36 

2-221 

•260 

1-240 

79-1 

66-4 

66-0 

-0-6 

40 

2-904 

-088 

1-496 

94-5 

66-1 

67-0 

-0-9 

46 

4-000 

-000 

2-000 

1000 

70-0 

72-0 

-20 

60 

6-867 

•176 

3-016 

94-6 

661 

680 

-1-9 

66 

9*239 

1081 

6-160 

79-1 

55-4 

68-0 

-2-6 

60 

16-000 

4000 

10-000 

600 

42-0 

44-0 

-2-0 

65 

31-346 

12-962 

22149 

41-5 

29-0 

30-0 

-1-0 

70 

73-079 

42-884 

67-981 

260 

18-2 

18-0 

+  0-2 

T6 

222-86 

167-16 

19600 

14-3 

100 

8-5 

+  1-6 

80 

1099-86 

971-21 

1036-63 

6-2 

4-2 

3-0 

+  1-2 

86 

17330*64 

16808-08 

17069-36 

1-5 

1-0 

10 

0-0 

90 

00 

00 

00 

0-0 

0-0 

0-0 

0-0 

The  most  important  application  of  Fresnel's  formula  is  to 
the  case  of  glass  where  n  somewhat  exceeds  1*6.  The  first  por- 
tion of  Table  IL  gives  in  an  abreviated  form  the  result  of  a 
computation,  for  various  values  of  i,  of  A,  B,  R  and  the 
polarization  of  the  reflected  and  refracted  rays.  When,  as 
irequendj  happens  in  the  case  of  plates  of  glass,  the  light 
passes  through  several  parallel  surfaces,  a  portion  of  the  light- 
reflected  back  by  the  second  surface  is  again  intercepted  by 
the  first  surface.  It  may  readily  be  proved  that  if  A  is  the 
amount  reflected  by  a  single  surface,  the  amount  transmitted, 

1  —-4 
including  this  internal  reflection,  will  be  —r-i — ^  v  .,  while  if 

no  internal  reflection  took  place  it  would  be  only  (l— -4)*.  In 
Table  IL  the  values  of  A^  Bj  R  and  of  the  polarization,  are 
given  for  2,  8,  and  20  surfaces,  corresponding  to  1,  4,  and  10 
plates  of  glass.     In  all  these  cases  the  index  n=l'56. 

These  results  are  perhaps  better  shown  in  fig&  1  and  -2,  in 
which  abscissas  represent  values  of  t,  and  ordinates  percentages 
of  polarization. 

In  fig.  1,  the  four  highest  curves  represent  the  polarization 
of  the  beams  reflected  by  1,  2,  8,  and  20  surfacea  The  other 
four  curves  give  the  corresponding  refracted  beams.  Fig.  2 
gives  all  the  curves  of  Table  II,  relating  to  twenty  surfaces ; 
the  five  curves  corresponding  to  A^  -B,  the  intensity  of  the  re- 
fracted beam,  and  the  polarization  of  both  the  reflected  and 
refracted  beama  When  i=0,  both  the  reflected  and  refracted 
beams  are  unpolarized.     With  ten  plates  of  glass  about  half  the 

AM.  JouB.  Sol— Third  Sbriss,  Vol.  VII,  No.  88.— Fbb.,  1874. 
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Tabu  H- I*«r,*eW  i^  1, 1, 

.mdKSm^em. 

1  Surface. 

2  6urfM>e8,1 

Plate. 

i 

A 

.s 

i..n«t. 

Pit  ft. 

roUrlt 

A 

B 

B.I1C.U 

PwcLToli 

O" 

4-6 

4-6 

4-6 

CkT 

0-0 

8 

8          8-8 

8-S 

0-0 

1-1 

4-6 

4-6 

i-o 

0-0 

0          8-1 

8-8 

I'O 

10 

4'B 

4-0 

0-3 

3          8-6 

8-9 

4-1 

16 

5-1 

4-2 

4-7 

9-1 

0-4 

9 

8          81 

8-9 

9-S 

20 

5'4 

3-9 

4-7 

16-4 

0-8 

10 

4          7-5 

89 

16-3 

25 

5-9 

3  6 

4-7 

35-9 

11 

1          6-1 

8-9 

36-4 

3-0 

4-8 

1-B 

13 

6          5-8 

91 

36-4 

35 
40 

8-8 

3-4 
1-7 

6-0 
5-3 

51-1 
68-7 

3-7 
3-7 

16 

3  4-7 

4  3-6 

9-4 

10-0 

49-3 
64-0 

45 

10-4 

6-7 

81-2 

4-S 

19 

0          3-1 

10-6 

80-1 

SO 

13-6 

0-6 

6-5 

92-9 

6'6 

II 

*         0-6 

11-4 

96-6 

16-4 

0-1 

8-3 

36 

9         01 

140 

B9-3 

57 

n-0 

00 

8-6 

100-0 

9-3 

1         0-0 

14-6 

100-0 

60 

19-3 

0-1 

9-1 

98-8 

10-6 

32 

4          0-3 

16-3 

98-8 

65 

24-7 

11 

1 3-9 

fll-3 

13-6 

38 

4          S-6 

30-4 

87-7 

Id 

320 

4-0 

77-7 

171 

48 

5        77 

28-1 

736 

76 

42-0 

10-4 

26-2 

61-8 

21-9 

69 

6       19-1 

39-1 

62-2 

80 

55-7 

13-3 

3S-B 

410 

36-8 

71 

7       38-0 

54-8 

30-7 

82 

ea-B 

31'6 

411 

33-S 

20-3 

1       48-3 

82-7 

23-7 

S4 

70-3 

42-4 

G6'3 

24-7 

33-1 

82 

7       60-3 

11-4 

lB-7 

85 

74-S 

49-0 

20-6 

33-3 

86 

4       68-6 

IB-fl 

12-6 

86 

79-0 

66-6 

67-2 

34-8 

88 

3        73-6 

80-3 

9-8 

81 

S3'8 

66-3 

74-8 

ia-4 

36-3 

91 

4       7B'2 

86-3 

7-0 

88 

75-3 

82-1 

8'3 

37  8 

94 

I        861 

901 

4-4 

89 

94-3 

86-8 

90-5 

39-6 

96 

9       92-9 

94-9 

20 

90 

lflO-0 

100-0 

100-0 

0-0 

41-2 

100 

0     100-0 

100-0 

00 

3 

Surtaa 

!B,4PIb 

WB. 

30  Sort 

aces,! 

Platea. 

0° 

183 

S8'3 

28-3 

00 

00 

49 

4      49-4 

49-4 

0-0 

6 

a8'6 

28-0 

38  3 

0-9 

0-3 

49 

7       49-1 

49-4 

0-6 

111 

39-2 

27-4 

3-4 

1-2 

60 

4      48-3 

49-3 

21 

16 

30-3 

2S-3 

28-3 

7-4 

a-7 

51 

6      46-9 

4-7 

2n 

34-6 

38-2 

13-1 

6-1 

63 

49-1 

8-5 

25 

339 

23-4 

28-2 

20-3 

7-9 

66 

8       43'3 

49-0 

13-9 

30 

36-3 

19-8 

aa-1 

39-3 

n-4 

56 

7       38-3 

48-4 

21-2 

36 

395 

16-5 

280 

411 

IfiO 

62 

2       330 

41-6 

30-9 

431 

12.1 

21-9 

66-4 

21  8 

66 

9       26-3 

46-2 

42-4 

46 

48'3 

T4 

37  8 

T3-3 

281 

8       17-1 

43-4 

66-9 

50 

53-6 

3-2 

SB'S 

88-7 

3B-I 

74 

I          8-5 

413 

79-6 

56 

B9-4 

0-5 

300 

98'3 

430 

78 

4          1-0 

39-7 

97-6 

57 

631 

0-0 

310 

1000 

460 

80 

4        00 

40-2 

1000 

GO 

66'3 

1-7 

34  0 

96-0 

489 

82 

8        2-4 

43-6 

945 

65 

72-5 

7-6 

400 

810 

641 

86 

9       18'6 

52-7 

64-7 

70 

790 

250 

63-0 

61-9 

56-3 

90 

4       45-6 

68-0 

33-0 

15 

85-3 

48-2 

fle-7 

27-8 

55-8 

93 

B       69-9 

81-7 

11-3 

80 

91-0 

81-0 

123 

63-6 
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light  is  reflected,  the  traosmitted  ray  being  but  little  brighter 
than  that  reflected.     With  1  or  2  sor&cea  the  reflected  beam 
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ioCTesses  as  i  increases;  with  8 
rt&Dt  ap  to  50° ;  while  with  20 


it  remains  nearly  con- 
a  marked  diminution 
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is  perceived.  This  very  remarkable  result  may  be  expressed 
by  saying  that  ten  plat^  of  glass  transmit  more  light  obliquely 
than  normally.  The  appearance  to  the  eye  confirms  this  result, 
but  it  deserves  a  careful  photometric  proof.  At  57®  the  reflected 
ray  is,  of  course,  in  all  cases,  totally  polarized ;  but  at  other 
angles  the  amount  of  polarization  is  greater  the  less  the  num- 
ber of  surfaces,  instead  of  the  contrary,  as  might  have  been 
anticipated. 

With  the  refracted  ray  quite  a  different  law  holds.  For  one 
surface  the  polarization  increases  from  0^  to  90"^ ;  with  two  sur- 
faces it  becomes  sensibly  constant  near  90® ;  while  with  a  larger 
number  a  distinct  maximum  is  obtained.  It  is  commonly  sup- 
posed that  the  greatest  effect  is  obtained  at  the  angle  of  total 
polarization.  JBut  the  maximum  is  sensibly  beyond  this,  unless 
a  very  large  number  of  plates  is  employed ;  and  hence  it  seems 
probable  that  a  bundle  of  plates,  polarizing  bv  refraction, 
would  give  the  best  results  if  set  at  a  greater  angle  than  57®, 
as  65®  or  70®.  The  transmitted  ray,  however,  diminishes  rap- 
idly for  large  angles  of  incidence.  A  very  large  number  of 
plates  is  required  to  render  the  polarization  nearly  complete, 
which  accounts  for  the  light  always  remaining  when  even  the 
best  polariscopes  by  refraction  are  crossed.  At  90®  all  the  re- 
fracted beams  are  polarized  by  the  same  amount  of  41*2  per  cent 
Or,  at  grazing  incidence,  the  amount  of  polarization  is  inde- 
pendent of  the  number  of  plates,  one  polarizing  as  completely 
as  a  hundred.  This  number  41*2  may  be  obtained  as  follows. 
Differentiate  the  value  of  A  in  terms  of  %  and  r,  and  make  t= 
90®,  when  the  refracted  beam  will  equal  1— Jl=4  tangr  rfi= 
8-876  a;  since  when  t=90®,  r=40®  10'-7.     In  the  same  way 

1— jB=   .  — •  rfi=8'115c?i,  and  applyinff  to  them  the  formulsB 

sin  2r  '  rr  J     c\ 

for  the  polarization  of  the  refracted  beam,  we  find  it  equal  to 
41-2. 

To  show  how  far  these  effects  are  due  to  internal  reflection, 
another  table  was  computed  by  the  formula  (1— a)*,  or  suppos- 
ing that  no  internal  reflection  took  placa  A  comparison 
showed  that  while  the  reflected  beam  is  affected  but  little  a  great 
change  takes  place  in  the  transmitted  light.  The  results  are 
shown  by  dotted  lines  in  figs.  7,  8,  and  10,  and  will  be  discussed 
below. 

To  test  the  above  conclusions,  two  experimental  methods 
may  be  employed.  First,  by  means  of  .a  pnotometer,  to  deter- 
mine the  amount  of  light  in  any  given  case ;  and,  secondly,  by 
means  of  a  polarimeter,  to  determine  the  percentage  of  polan- 
zation  of  the  reflected  and  refracted  rays.  The  latter  method 
has  been  employed  in  the  following  experiments.  The  instru- 
ment commonly  used  to  measure  the  amount  of  polarization 
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was  invented  by  Arago,  and  is  called  a  polarimeter.  It  consists 
of  a  Nicol's  prism  and  Savart's  plates,  in  front  of  which  are 
several  glass  plates,  free  to  turn,  and  carrying  an  index  which 
moves  over  a  graduated  circle,  thus  showing  the  angle  through 
which  they  have  been  rotated.  The  prism  and  plates  form  a 
Savart's  polariscope,  which  gives  colored  bands  with  either  light 
or  dark  center,  according  as  the  plane  of  the  prism  is  parallel 
or  perpendicular  to  the  plane  of  polarization.  When  the  plates 
are  so  placed  that  the  light  passes  through  them  normallv,  they 
have  no  effect  on  it ;  but  wnen  turned,  they  polarize  it  in  a 

Slane  parallel  to  the  axis  of  rotation,  and  by  an  amount  depen- 
ent  on  the  angla  Let  the  instrument  be  so  set  that  the  axis 
of  rotation  shall  be  perpendicular  to  the  plane  of  polarization, 
and  the  plates  set  at  zero.  The  bands  will  then  be  visible,  the 
center  one  being  bright  As  the  plates  are  turned,  the  bands 
become  fainter,  until  their  polarization  neutralizes  that  origin- 
ally present  in  the  beam ;  beyond  this  point  the  bands  reappear 
dark-centered.  The  amount  of  polarization  is  thus  readily  de- 
terminedy  by  turning  the  plates  until  the  bands  disappear,  when 
the  angle  is  reduced  to  percentages  by  means  of  a  tabla  The 
difficulty  of  computing  this  table  is,  however,  the  real  objection 
to  the  use  of  this  instrument  It  may  be  determined  by  the 
formulae  given  in  the  first  part  of  this  paper,  but  it  of  course 
then  fails  to  prove  them.  Moreover,  no  account  is  taken  of  im- 
perfect transparency,  dust  on  the  surface,  and  other  sources  of 
error.  An  excellent  way  of  forming  this  table  experimentally 
is  to  view  through  the  instrument  a  beam  of  light  totally  polar- 
ized If  now  the  plane  of  polarization  of  the  beam  is  cnanged, 
the  percentage  of  polarization  will  alter,  being  zero  when  it  is 
iaclined  45**  to  the  axis  of  the  plates,  and  wholly  polarized  at 
an  an^le  of  0®  or  90°.  At  any  angle  a,  the  beam  may  be  re- 
garded as  composed  of  two,  cos 'a  polarized  vertically,  sin 'a 
polarized  horizontally.     The  percentage  of  polarization   will 

therefore  equal  — = — .    .  ,   =cos2a,  from  which  the  polariza- 
^        cos'a-fsin'a  ^ 

tion  corresponding  to  any  given  anj^le  is  readily  determined. 

The  result  of  such  a  comparison  is  given  in  Table  IIL  Four 
series  of  observations  were  taken,  from  which  curves  were  con- 
structed as  in  fig.  8,  with  angles  of  incidence  as  abscissas  and 
percentages  of  polarization  as  ordinates.  A  curve  was  next 
drawn,  coinciding  with  them  as  nearly  as  possible,  and  its  ordi- 
nates are  given  in  Table  III,  column  3  ;  the  angles  of  incidence 
are  given  in  the  first  column,  and  the  theoretical  polarization 
in  the  second  column  of  the  same  table.  Column  4  gives  the 
differences,  and  from  it  we  see  that,  while  the  agreement  is  very 
close  between  0°  and  60°,  above  this  point  a  marked  variation 
is  perceptibla  This  deviation  will  be  further  discussed  in  con- 
nection with  fig.  8. 
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66 
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75 

65.8 

67.0 

11-2 

80 

62.6 

72.0 

19*4 

To  avoid  the  defects  of  the  above  instrument,  the  following 
arrangement  has  been  employed  A  brass  tube,  A  R,  fig.  3, 
about  a  foot  long,  is  closed  at  one  end  by  a  double  image  prism. 
5,  and  at  the  other  by  a  rectangular  aperture,  -4,  of  such  a 
width  that  its  two  images,  as  in  the  Arago  polariseope,  shall  be 
in  contact,  but  not  overlapping.  To  the  prism  is  attached  a 
NicoPs  prism,  free  to  turn,  and  carrying  an  index,  moving  over 
a  graduated  circle,  which  shows  how  far  it  has  been  rotated. 
The  tube  is  then  mounted,  so  that  it  can  be  set  at  any  altitude 
or  azimuth,  or  rotated  around  its  own  axis,  and  three  graduated 
circles  serve  to  measure  these  quantities.  In  the  instrument  as 
actually  constructed  (fig.  4),  the  whole  is  supported  on  an  up- 
right, which  terminates  below  in  a  large  screw,  C,  by  which  it 
may  be  attached  to  a  post  or  tree,  when  used  out  of  doors.  A 
tube  slips  over  this,  which  carries  a  cross-piece  forming  a  T,  and 
through  the  top  of  this  passes  the  end  ot  a  second  T,  through 
the  end  of  which  the  polarimeter  slides.  Three  of  these  tubes 
are  graduated  to  show  the  azimuth  and  altitude  of  the  polari- 
meter tube,  and  the  amount  it  is  turned  around  its  own  axis. 

The  working  of  the  instrument  is  as  follows.     If  the  Nicol's 

prism  is  removed,  and  the  light  is  unpolarized,  the  two  images 

of  the  aperture  at  the  end  will  be  equally  brilliant    If  now  the 

Nicol's  prism  is  replaced  and  turnea,  the  images  will  vary  in 

brightness,  alternately  disappearing  as  intervals  of  90°.     Ii  the 

light  is  polarized,  one  image  will  in  general  be  brighter  than  the 

other;  but  by  turning  the  NicoVs  prism,  certain  positions  will 

always  be  found  in  which  the  two  images  will  be  equal.     The 

percentage  of  polarization  is  then  readily  determineu  from  the 

angle  through  which  the  prism  has  been  turned.     To  determine 

the  law  which  connects  these  two,  let  the  plane  of  polarization 

be  vertical,  and  the  line  of  Junction  of  the  two  images  parallel 

to  it     Then  call  A  and  B  the  brightness  of  the  two  images  re- 

j^ j^ 

spectively,  in  which  case  the  polarization  p  =  - .     If  the 
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prism  is  turned  through  an  angle  t;,  one  image  will  have  a  bright- 
ness A  sin'v,  the  other  Bcos'v ;  and  if  they  are  equal,  -4  sin'v 

D       ,     I.  cos't;— sin^v  o         mu  ^     c 

=Bcos^v,  hence  p  =  — - — ; — ;— r-  =  cos  2  v.     The  amount  of 

'^      cos*t;+sin*i; 

polarization  is  then  very  simply  found  by  turning  the  Nicol 
until  the  images  are  equal,  then  reading  the  angle,  doubling  it, 
and  taking  the  cosina  Evidently  there  are  four  positions  of 
equality  of  the  image  ;  and  in  tne  following  experiments  all 
four  were  observed,  reading  to  tenths  of  a  degree,  and  the  mean 
taken.  The  results  may  be  reduced  by  a  table  of  natural 
cosines,  first  multiplying  the  angle  by  two.  Evidently  when 
the  light  is  unpolarized  the  angle  will  be  45** ;  when  totally 
polarized  0**.  When  the  line  of  junction  'is  inclined  to  the 
plane  of  polarization  by  an  angle  w,  the  observed  polarization 
/=/>  cos  2w.  This  suggests  a  means  of  determining  the  di- 
rection of  the  plane  of  polarization.  Make  two  observations 
of  the  amount  of  polarization,  turning  the  polarimeter  46**. 
Then  call  jt),  p\  p'\  the  true  and  the  observed  polarization  in 
the  two  cases,  and  w  the  unknown  angle  between  the  line  of 
junction  in  its  first  position  and  the  plane  of  polarization. 
Having  given  p'  and  p"^  we  wish  to  determine  p  and  w.  Evi- 
dently |>=|>  cos  2ti;,  and/>''=^cos2  (45**— tt;)=p8in2tt;.  Taking 

their  quotient  gives  tang  2w  =  ^^j  and  the  sum  of  their  squares 

gives  />=Vp'»+p''».  This  method,  though  elegant  theoreti- 
cally, does  not  appear  very  accurate  practically,  as  the  plane  is 
more  accurately  determined  by  covering  the  end  of  the  polar- 
imeter with  a  cap  containing  a  plate  of  selenite,  thus  converting 
it  into  an  Arago  s  polariscope.  Then  turn  the  tube  until  the 
two  images  have  precisely  the  same  color,  when  their  line  of 
junction  will  be  inclined  45°  to  the  plane  of  polarization.  The 
plane  may  also  be  determined,  more  easily  but  less  accurately, 
by  removing  the  Nicol's  prism,  turning  the  tube  until  tlie  two 
images  are  equally  bright,  and  adding  45°  to  the  reading. 

We  next  wish  to  determine  the  delicacy  of  this  instrument 
in  different  parts  of  its  scale.  If  the  Nicol's  prism  is  set  at  an 
angle  r',  differing  slightly  from  its  true  value  i;,  the  brightness 
of  the  two  images  will  be  A  sin'v'  and  5cos'y'  respectively. 
Now  it  is  commonly  assumed  that  the  difference  in  two  such 
images  will  be  perceptible,  when  the  difference  in  brightness, 

divided  by  the  brightness  of  either,  equals  a  certain  fraction  — 

in  which  a  equals  about  80.  By  differentiation  it  may  be 
proved  that  the  error  in  jo  or  dp  corresponding  to  any  value  of 

a  is  given  by  the  formula  dp=-~-  ,  from  which  the  error  in 
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the  result  for  any  uDobserved  difference  in  brightness  of  the 
two  images  is  readily  determined. 

If  p^-^^  ^P—n'  >  ^*8  greatest  value,  which  diminishes  as  the 

polarization  increases,  becoming  zero  when  p=0.     Hence  the 

freater  the  polarization,  the  more  accurately  it  can  be  measured 
f  a=8(>,  dp=ji^  for  its  greatest  value;  hence  the  instrument 
should  always  give  results  within  two-thirds  of  1  per  cent 
Observation,  however,  shows  that  the  error  is  much  greater,  a 
difference  in  brightness  of  jV  being  by  no  means  perceptibla 

The  first  series  of  observations  were  made  on  the  light  of  the 
sky.  The  instrument  was  screwed  into  a  post  and  levelled,  the 
altitude  and  azimuth  of  the  sun  taken,  and  the  instrument  then 
directed  toward  the  points  to  be  observed.  Most  of  these  were 
in  the  same  vertical  plane  with  the  sun,  so  that  it  was  only  nec- 
essary to  determine  tneir  altitudes.  The  line  of  iunction  was 
then  brought  parallel  to  the  plane  of  polarization  ;  that  is,  turned 
until  it  was  vertical,  since  it  then  lay  in  the  plane  passing 
through  the  sun.  The  four  positions  of  the  Nicol's  pnsm,  in 
which  the  two  images  were  equally  bright,  were  then  observed, 
reading  the  angles  to  tenths  of  a  decree,  and  taking  the  mean. 
The  percentage  of  polarization  was  finally  obtained  as  described 
above.  Eleven  series  of  observations  were  taken,  nine  at 
Waterville,  N.  H.,  in  a  valley  at  a  height  of  1500  feet,  sur- 
rounded by  mountains  4000  feet  high ;  tne  other  two  from  the 
top  of  the  Institute  of  Technology,  Boston.  It  soon  became 
evident  that  the  polarization  depended  on  the  solar  distance  of 
the  point  under  observation,  and  not  on  the  altitude.  This  is 
well  shown  in  fig.  5,  in  which  abscissas  give  the  solar  distances, 
and  ordi nates  the  polarization  of  the  observed  points.  The 
sun's  altitude  varied  in  these  series  from  0°  to  68°. 

Before  discussing  these  observations  further,  it  seemed  desira- 
ble to  determine  the  polarization  of  other  parts  of  the  atmos- 
phere not  lying  in  the  same  vertical  plane  with  the  sun. 
Moreover,  as  the  polarization  of  points  at  equal  distances  from 
the  sun  should  be  compared,  the  polarimeter  was  so  mounted 
that  its  principal  axis  would  pass  through  the  sun.  The  two 
graduated  circles  would  then  give  solar  distances,  and  the  angle 
from  the  vertical  plane  through  the  sun,  instead  of  altituaes 
and  azimuths.  Tne  second  of  these  angles  will  be  called  the 
meridian  distance,  and  will  be  regarded  as  positive  to  the  right, 
and  negative  to  the  left  of  the  sun.  Of  course,  the  direction 
of  the  axis  should  continually  change,  so  as  to  follow  the  sun; 
but  as  great  accuracy  in  the  aetermination  of  the  angles  was  not 
needed,  it  was  found  sufiicient  to  re-adjust  it  every  few  minutes. 
Another  advantage  of  this  arrangement  was,  that  the  line  of 
junction,  being  turned  parallel  to  the  axis,  would  always  lie  in 
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the  plane  passing  tbrouKh  the  sun,  and  hence  be  parallel  to  the 
plane  of  polarization.  Five  series  of  observations  were  made 
in  this  way,  all  tending  to  show  that  the  polarization  was  inde- 
pendent of  the  distance  of  the  point  to  the  right  or  left  of  the 
flane  passing  through  the  sun.  The  results  are  given  in  Table 
Yj  in  which  the  first  column  gives  the  number  of  the  series, 
the  second  the  sun's  altitude,  the  third  its  distance  from  the 
points  observed,  the  fourth  the  number  of  the  latter,  and  the 
nfbh  their  mean  polarization. 

Tabu  IV.'—FolarizaHon  o/paifUi  equidisiani  from  the  nm. 


SeriM. 

Alt. 

Dirt. 

Thw}. 

Pol'ii. 

12 

6* 

90* 

9 

76-7 

13 

20' 

60* 

6 

42*9 

14 

48* 

90* 

8 

65*4 

46* 

60* 

10 

41-7 

42* 

120* 

2 

42*4 

40* 

SO* 

8 

10*7 

15 

40« 

90* 

10 

60-4 

41* 

120* 

9 

40*9 

43* 

60* 

10 

34*2 

16 

-6' 

90' 

6 

77*5 

One  series,  the  first,  is  given  in  full  in  Table  V,  to  show  the 
amount  of  variation  of  the  different  points  observed. 


M.D. 
76 
60 
45 
30 
0 
30 
46 
60 
76 


Tablk   y.— Series  12.     Julj  15. 
Sun's  Distance  90^  Altitude  5^ 


Mean 


Polar. 
78*6 
74*3 
79*8 
77*0 
77*2 
74*8 
76*2 
76*8 
76-8 

76*7 


All  these  observations  point  to  one  very  remarkable  result ; 
namely,  that  the  polarization  is  the  same  for  a  given  solar 
distance  for  any  meridian  distance ;  in  other  words,  that  the 
polarization  is  the  same  for  all  points  equally  distant  from  the 
sun.  The  variations  in  the  observations  are  to  be  ascribed 
partly  to  errors  of  observation  and  partly  to  real  irregularities 
in  the  atmosphere,  as  it  is  evident  that  they  follow  no  regular 
law.  The  means  therefore  give  us  the  true  polarization  with 
much  greater  accuracy.  They  are  represented  in  fig.  5  by 
small  crosses.  The  next  thing  is  to  determine  the  law  which 
connects  the  polarization  with  the  solar  distance  in  all  these 
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observationa  A  drawing  was  made  like  fig.  5  enlarged,  and 
a  fine  copper  wire  laid  on  it,  and  bent  into  such  a  shape  that  it 
sboold  coincide  as  nearly  as  possible  with  all  the  observations. 
The  ordinates  for  every  10®  were  then  read  o%  giving  the 
results  entered  in  column  7,  headed  Obs.,  of  Table  L 

A  simple  explanation  of  the  polarization  of  the  sky  is  to  as- 
sume that  it  consists  of  molecules  of  air  or  aqueous  vapor,  which 
reflect  the  light  specularly,  and  whose  index  of  refraction  differs 
only  by  a  very  minute  amount  fix)m  that  of  the  medium  in  which 
they  float  The  theoretical  polarization  would  then  be  at  once 
given  by  Table  I,  making  %  equal  to  one-half  the  solar  distance. 
The  curve  thus  obtained  is  given  in  fig.  6,  at  A.  The  polariza- 
tion according  to  this  should  be  complete  at  90°  from  the  sun, 
while  in  reality  it  is  only  about  70  per  cent.  If,  however,  we 
multiply  the  ordinates  of  curve  A  by  this  fi:tiction,  we  obtain 
curve  ^,  which  agrees  almost  precisely  with  the  curve  given  in 
column  7  of  Table  L  Its  ordmates  are  given  in  column  6,  and 
the  diflFerences  in  column  8.  From  the  latter  it  will  be  seen 
that  the  empirical  curve  gives  results  somewhat  too  ^reat  for 
Bolar  distances  less  than  60^,  and  too  small  for  greater  distances ; 
but  the  deviation  is  so  small,  compared  with  the  accidental 
errors,  that  we  are  justified  in  regarding  the  agreement  as  com- 
plete within  the  limits  of  errors  of  observation.  It  will  be 
noticed  that  no  account  is  here  taken  of  the  points  of  no  po- 
larization, or  neutral  points  of  the  sky ;  but  the  polarization 
is  very  slight  for  some  distance  from  them,  and  hence  is  not 
easily  measured.  They  must  be  regarded  as  due  to  some 
secondary  disturbing  cause,  as  refracted  light,  which  alters  the 
general  polarization  of  the  sky  but  little. 

When  the  polarimeter  is  directed  toward  a  polished  colored 
plane  surface,  the  two  images  assume  different  tints.  One, 
which  contains  the  light  polarized  in  the  plane  of  incidence,  or 
jB,  is  composed  mainly  of  the  light  reflected  specularly,  and  is 
therefore  white  like  tne  source  of  light  The  image  A  contains 
but  little  of  the  light  reflected  specularly,  consisting  principally 
of  the  rays  emitted  by  the  body,  and  hence  partaking  of  its 
color.  Tne  idea  at  once  suggested  itself  that  testing  the  light 
of  the  sky  in  this  way  might  give  a  clue  to  the  cause  of  its 
color.  The  experiment  was  tried  several  times,  with  negative 
results,  the  two  images  appearing  of  precisely  the  same  blue 
tint  But  on  the  evening  of  July  15th,  near  sunset,  when 
measuring  the  polarization  of  a  point  near  the  northern 
horizon,  where  the  blue  color  was  comparatively  pale,  a  marked 
difference  in  the  two  images  was  observable.  The  image  B  was 
found  to  be  of  a  yellowish  brown,  -4  of  a  grayish  blue  or  violet 
tint.  This  observation  has  since  been  frequently  repeated, 
and  can,  in  fact,  be  made  almost  any  clear  evening  near  sunset 
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Evidendj  we  may  conclude  from  these  colors  that  the  true 
color  of  the  sky  particles  is  blue,  a  view  quite  in  accordance 
with  the  observations  of  Prof.  Cooke  with  the  spectroscope, 
and  Prol  Tyndall  on  aqueous  vapor  in  a  state  of  formation. 

Observations  were  next  made  to  test  the  results  formed  above 
for  the  light  reflected  and  transmitted  by  several  parallel  sur- 
faces of  glasa  To  check  the  results  which  are  given  in  figs.  6 
-10,  two,  and  in  some  cases  three,  independent  methods  were 
employed.  To  measure  the  polarization  of  the  reflected  ray,  one 
or  more  sheets  of  glass  were  laid  on  a  piece  of  black  velvet  and 
rendered  horizontal  with  a  spirit-level  The  polarimeter  was 
mounted  a  short  distance  from  them,  carefully  levelled  and 
turned  down,  so  that  the  light  should  be  reflected  from  their 
surfaces.  Its  angle  of  depression  would  then  equal  the  comple- 
ment of  the  angle  of  incidenca  The  line  of  junction  of  the 
two  images  was  then  rendered  vertical,  and  the  polarization 
measured  in  the  usual  way.  The  polarization  of  the  sky,  if 
clear,  would  introduce  a  large  error  mto  the  results,  and  care 
was  therefore  taken  to  make  these  observations  only  on  cloudy 
days.  The  second  method  was  to  replace  the  slit  of  a  large 
Babinet's  goniometer  or  optical  circle  oy  a  Nicol's  prism,  which 
was  free  to  turn  around  its  axis,  the  angle  of  rotation  being 
measured  by  a  graduated  circle  and  index.  In  the  eye-piece  of 
the  observing  telescope  a  Nicol's  prism  was  placed,  and  in  front 
of  it  quartz  wedges  giving  lines,  which  were  oright  or  dark-cen- 
tered, according  as  the  transmitted  ray  was  polarized  vertically 
or  horizontally.  On  looking  througt  the  telescope,  the  field 
was  seen  to  be  traversed  with  lines,  which  disappeared  only 
when  the  Nicol  in  the  collimator  was  inclined  45^  with  the  ver- 
tical. At  any  other  angle,  a,  the  vertical  and  horizontal  com- 
ponents were  cos'a  and  sin*a,  and  hence  were  equivalent  to  a 
team  polarized  vertically  by  an  amount  cos  2a.  If  now  any 
object  was  inserted  between  the  two  telescopes  polarizing  the 
light  horizontally,  />,  the  bands  would  disappear  only  when  p= 
cos  2a.  Measuring  the  four  positions  of  disappearance,  and  tak- 
ing their  mean,  gave  an  accurate  measure  of  the  polarization  by 
a  table  of  natural  cosines,  as  with  the  polarimeter  described 
above.  Another  way  of  expressing  the  effect  of  this  instru- 
ment is  to  say  that  the  bands  disappear  when  the  Nicol  is  so 
turned  that  the  plane  of  polarization  shall  be  brought  by  the 
object  under  examination  to  an  angle  of  45^  The  method  of 
measuring  the  polarization  of  the  reflected  ray  is  now  obvious. 
The  pieces  of  glass  are  placed  vertically  on  the  center  plate 
between  the  two  telescopes,  the  latter  set  at  an  angle  of  2i,  and 
the  glass  turned  until  the  light  is  reflected  from  its  surface,  so 
as  to  render  the  field  bright  The  Nicol  is  then  turned  until 
the  bands  disappear,  and  its  position  recorded.     The  angle  be- 
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tween  the  telescopes  is  then  altered  so  as  to  make  t  successive 
10°,  20°,  80**,  &c,  and  the  observation  repeated.  Various  i 
justments  must  be  made  to  eliminate  constant  errors,  but  tb 
need  not  be  (ietailed  here.  One  series  was  made  with  a  gh 
prism  having  an  index  of  1*52,  a  second  with  a  plate  of  color 
glass,  a  third  with  a  sheet  of  plate  glass  and  others  with  four  a: 
ten  microscope  slides.  The  latter  were  used,  as  the  thickness 
the  plate*glass  was  such  that,  when  a  number  of  plates  w( 
placed  between  the  telescopes,  a  portion  of  the  internal  refl( 
tion  would  be  lost 

To  measure  the  polarization  by  refraction,  two  similar  mel 
ods  were  employed.  The  plates  were  placed  vertically  over  t 
center  of  a  graduated  circle,  and  a  piece  of  ground-glass  ^ 
viewed  through  them  by  the  polarimeter.  The  plates  were  th 
set  at  various  angles,  and  the  polarization  measured  in  each  cat 
All  these  observations  were  made  in  cloudy  weather,  to  elimi 
ate  the  eflfect  of  sky  polarization.  Several  series  were  ma 
with  the  optical  circle  and  Babinet*s  wedges,  placing  the  te" 
scopes  opposite  each  other,  and  recording  tne  angles  of  t 
Nicol  for  various  positions  of  the  plates.  Still  a  third  meth< 
was  employed,  already  described  in  connection  with  the  Arag< 
polarimeter. 

It  will  be  noticed  that  no  observations  are  given  of  the  poh 
ization  of  a  beam  transmitted  by  one  surface  of  glass.  The 
seemed  to  be  no  easy  method  or  measuring  this  quantity, 
might  be  done  by  making  a  series  of  prisms  of  such  angles  th 
when  the  light  was  incident  on  one  face  at  10°,  20°,  30°,  & 
the  refracted  ray  would  strike  normally  on  the  second  fac 
The  eflfect  of  the  latter  would  then  be  nothing,  so  that  the  p 
larization  would  in  this  case  be  entirely  due  to  the  first  surfac 

To  determine  the  polarization  of  a  single  surface  of  glass 
plate  was  covered  on  one  side  with  lamp-black,  but  it  was  foui 
to  give  the  same  results  as  when  laid  on  velvet  A  plate  of  cc 
ored  glass  was  therefore  used  instead.  Fig.  6  gives  the  resul 
of  the  observations  of  the  polarization  eflfected  by  one  surfa 
of  glass,  fig.  7,  that  of  two  surfaces,  fig.  8,  of  four,  fig.  9,  tl 
reflected  beam  for  twenty  surfaces,  and  fig.  10  the  correspondii 
refracted  beam.  The  smooth  curves  give  the  theoretical  poh 
ization,  including  the  internal  reflection,  and  the  dotted  lin 
omitting  it.  The  observations  of  the  reflected  beam  agree  vei 
well  with  theory,  especially  when  the  number  of  surfaces 
small.  The  ref'ractea  beams,  on  the  other  hand,  show  a  devi 
tion  from  theory  which  becomes  perceptible  for  one  plate  abo^ 
80 ^  for  four  plates  above  65°,  and  for  ten  plates  above  20 
The  errors  most  likely  to  occur,  which  would  be  common  to  a 
the  observations  on  tte  refracted  beams,  are,  first,  stray  ligli 
or  light  entering  the  instrument  without  passing  through  tl 
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glass ;  secondly,  light  passing  through  the  glass  endwise,  which 
might  be  recognized  by  its  deep  green  color ;  and,  thirdly,  light 
reflected  from  the  front  surfaces  of  the  plates.  But  all  these 
errors  would  tend  to  diminish,  instead  of  increase,  the  polariza- 
tion ;  and  hence,  if  eliminated,  the  divergence  from  theory 
would  be  still  greater.  Probably  the  true  explanation  is  that 
internal  reflection  does  not  take  place  as  completely  as  theory 
assumes,  partly  owing  to  the  imperfect  transparency  of  the  me- 
dium, ana  partly  to  the  dust  and  other  impurities  on  the  surface. 
It  makes  but  little  diflFerence  for  the  reflected  rays,  the  polari- 
zation being  the  same  for  three  values  of  i,  namely,  0°,  57®,  and 
90°.  For  the  refracted  ray,  on  the  other  liand,  the  variations 
are  very  great,  amounting  in  the  case  of  twenty  surfaces,  at  90° 
incidence,  to  over  50  per  cent  From  the  dotted  lines  we  see 
that  a  partial  absence  of  the  internal  reflection  would  account 
for  all  the  results  obtained,  while  neglecting  it  entirely  would 
cause  a  still  greater  divergence  between  theory  and  observation. 

On  account  of  the  thickness  of  the  bundle  of  ten  plates  of 
glass,  a  portion  of  the  secondary  reflection  would  be  thrown  a 
considerable  distance  to  one  side,  especially  when  t  is  laige,  so 
that  it  might  fiJl  quite  outside  of  the  instrument,  or  even  be 
cut  oflF  by  the  ends  of  the  plates.  This  efiect  would  be  least 
marked  with  the  polarimeter,  next  with  the  Savart,  and  most  of 
all  with  the  optical  circle,  on  account  of  the  small  aperture  of 
the  telescope.  But  this  is  just  the  order  in  which  the  observa- 
tions stand,  all  of  them  falling  between  the  two  theoretical 
curves.  These  observations  also  show  the  effect  to  be  expected 
from  a  bundle  of  plates  when  used  to  polarize  light  by  refrac- 
tion. If  ten  plates  are  employed,  set,  as  is  usual,  at  57°,  the 
polarization  would  be  only  67*2  per  cent  if  internal  reflection 
takes  place,  but  would  be  95*2  if  this  is  in  any  way  excluded. 
We  may,  in  passing,  point  out  that  an  advantage  might  be  ex- 
pected in  sucn  a  polariscope  from  an  increase  in  the  angle  of 
mcidence,  the  increased  polarization  probably  more  than  mak- 
ing up  for  the  loss  of  light  and  distortion  induced  by  the  in- 
creased obliquity  of  the  incident  rays. 

The  want  of  perfect  transparency  of  the  glass  would  also 
tend  to  increase  the  polarization  by  enfeebling  the  secondary 
reflection,  and  dirt  or  grease  on  the  surface  of  the  glass  woula 

Sroduce  the  s^me  effect  With  eight  and  two  surfaces,  these 
isturbing  causes  are  much  less  marked,  except  for  large  angles 
of  incidence,  and  hence  the  agreement  with  theory  much 
better. 
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Art.  XV. — On  the  Dissipation  of  Ekctriciiy  in  Oases;  by 

Demetrikff  Boboulieff. 

[Tranalated  from  the  Journal  of  the  Rutsian  Ghemioal  and  Phjsioal  Societies,  by 

Clkywlaxd  Abbe.]* 

There  are,  according  to  the  general  statement,  four  forms 
of  electrical  discharge  manifested  m  gases.  Three  of  these  are 
accompanied  by  luminous  manifestations,  and  the  sudden  loss 
of  electricity ;  these  are  the  following : 

1.  Discharge  as  an  electrical  spark. 

2.  Discharge  as  a  luminous  sheet 

8.  Discharge  as  a  kind  of  diffused  light  (Glinmilicht). 

4  A  discharge  without  any  light,  and  as  a  gradual  slow  loss ; 
this  latter  case  is  called  dissipation  (rassyania,  dSperdition,  zer- 
streuung)  of  electricity. 

Coulomb  has  paid  special  attention  to  this  dissipation,  and  the 
circumstances  anectin^  the  investigation  into  the  distril3ution  of 
electricity  on  conducting  bodies.  He  has  given  a  formula  ex- 
pressing the  connection  between  the  quantities  Qo  and  Q  of 
electricity,  found  in  a  given  body,  at  the  banning  and  the  end 
of  an  interval,  ^  of  time,  during  which  the  dissipation  contin- 
ues ;  which  is 

•      (1)  Q  =  Q,e^^P. 

The  quantity  —  is  called  the  coefficient  of  dissipation ;  when  it 

diminishes,  i.  a,  when  p  increases,  then  the  dissipation  is  slower, 
and  vice  versa. 

Coulomb,  making  his  observations  in  ordinary  moist  air, 

observed  that  the  quantity  —  was  very  changeable.     This  might 

arise  from  the  changes  of  temperature  or  of  atmospheric  pres- 
sure, and  the  pressure  of  th«  aqueous  vapor.  Coulomb  paid 
special  attention  to  the  action  of  aqueous  vapor,  and  expressed 

his  opinion  that  —  varies  as  the  cube  root  of  the  quantity  of 

vapor  contained  in  a  given  volume  of  air.  Many  others  after 
him  have  engaged  in  experiments  to  determine  this  connection 
between  the  coefficient  of  dissipation  and  all  the  above  quoted 
causes ;  but  the  results  of  these  labors  harmonize  but  very  little. 
I  give  here,  in  consecutive  order,  the  conclusions  of  all  the 
following  savants : — 

*  I  have  to  acknowledge  the  assistance  of  Mr.  H.  Kalnsoski  in  the  preparation 
of  this  somewhat  free  translation  of  M.  BobouliefTs  interesting  memoir.— 0.  A. 
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Matteuci :  Memoire  sur  la  propagation  de  r^ectricit^  dans  les 
cor[)s  isolants,  solides  et  gazeux.  Annales  de  Chimie  et  de 
Physique,  8"*Serie,  vol.  xxviii,  pp.  386-429. 

Dellmann :  Ueber  die  Gesetzmassigkeit  und  die  Theorie  des 
Electricitatsverlustes.  Zeitschiift  flir  die  Mathematik  und 
Physik,  von  Schlomilch,  Kahl  und  Cantor,  xu  1866,  pp.  825-854. 

Charault :  Recbercbes  sur  la  deperdition  de  r61ectricitd  sta- 
tique  par  I'air  et  les  supports.  Comptes  Bendus,  voL  1,  pp. 
108-111. 

Warburg :  Ueber  die  Zerstreuung  der  Elektricitat  in  Gasen. 
PoggendorfTs  Annalen,  B.  cxlv,  s.  578-599.* 

L  0/  the  CoulomVs  Law  expressed  in  ike  formula  (1). 

Matteuci  (p.  890)  says :  "  The  dissipation  of  electricity  in  pure 
and  very  dry  air  and  gasesf  does  not  follow  the  formula  and  laws 
of  Coulomb."  He  determined  his  law  by  experiments  carried 
on  in  damp  air ;  within  certain  limits,  the  dissipation  is  certainly 
not  in  proportion  to  the  quantity  of  electricity  "  contained  in 
the  body.'^ 

Dellmann  (p.  886) :  "  The  absolute  dissipation  is  proportional 
to  the  density  of  the  electricity ;  that  is,  it  is  accoroing  to  Cou- 
lomb's law." 

Charault :  "  The  dissipation  always  follows  Coulomb's  law." 

Warburg:  "The  dissipation  of  electricity  in  gases  follows 
Coulomb's  law." 

2.  Influence  of  surrounding  bodies. 

Matteuci  (p.  389) :  The  dissipation  of  the  electricity  depends 
upon  the  electric  condition  ot  the  bodies  found  near  the  body 
under  examination ;  the  smallest  loss  is  experienced  when  the 
neighboring  bodies  are  charged  with  an  electricity  opposite  to 
that  in  the  oody  under  examination. 

Charault  says:  "The  dissipation  follows  Coulomb's  law  in. 
limited  and  unlimited  spaces. 

8.  The  influence  of  the  movement  of  the  gases, 

Matteuci  says  (p.  886):  "The  dissipation  does  not  increase^ 
when  the  air  is  in  motion,  but,  on  the  contrary,  it  diminishes ; 
and  furthermore,  this  diminution  is  in  proportion  to  the  velocity 
of  the  movement  of  the  air  in  relation  to  the  body,  and  to  the 
amount  of  the  dissipation  itself" 

Dellmann  (p.  845) :  "  The  dissipation  does  not  depend  on  the 
motion  of  the  air." 

^  Baoeiired  in  Russia  while  the  author  was  engaged  in  making  his  own  experi- 
BMitB  on  the  solved 
f  The  electrical  dissipation  for  an  interval  di  is,  according  to  Coulomb^s  law, 

Q 
dQ=~  dL 

Am.  Joub.  Sol— Third  Sbriks,  Vol.  VII,  No.  Sa— Fsa,  1874. 

8 


120        Z>.  Boiboulieff—DisaipiUian  of  Electricity  in  Oases. 

4.  Influence  of  ihe  suse^  conflgurcUum  and  conductHnlity  of  the  body. 

Reiss*  (pp.  111-118):  **The  dissipation  does  not  depend  on 
these  circumstances." 

Matteuci  (p.  406):  ''The  laws  and  the  amount  of  the  dis- 
sipation are  independent  of  the  matter  of  the  bodies." 

Dellmann  (p.  844) :  "  The  dissipation  does  not  depend  on  the 
size,  form  and  matter  of  the  electrified  body."  (p.  846) :  **  The 
dissipation  is  the  same  in  conductors  and  non-conductors." 

6.  Influence  of  the  hind  of  electricity, 

Biot,  repeating  Reiss's  experiments,  came  to  the  same  opin- ' 
ion,t  "that  the  coefiicient  of  dissipation  does  not  depend  on 
the  sign  of  the  electricity." 

Matteuci  (p.  408):  *^  7%e  dissipation  and  its  laws  are  the  same 
for  both  kinas  of  electricities,  as  well  in  dry  gases  as  in  the  air; 
but  in  strongly  charged  bodies  the  negative  electricity  disappears 
much  sooner. 

Dellmann  (p.  346) :  "  The  dissipation  does  not  depend  on  the 
sign  of  the  electricity." 

Warburg  (p.  599) :  "  The  dissipation  of  electricity  of  both 
signs  is  completed  with  the  same  rapidity." 

6.  Influence  of  the  temperature, 

Matteuci  (p.  411) :  "  In  dry  air  the  dissipation  augments  with 
increased  temperature." 

7.  Influence  of  humidity, 

Beiss:^  testifies :  "  That  occasionally  the  dissipation  diminishes 
with  the  increased  dampness  of  the  air." 

Matteuci  (p.  421) :  **  In  air  of  the  same  temperature,  and  under 
the  same  pressure,  the  dissipation  increases  with  the  quantity  of 
suspended  aqueous  vapor ;  but  this  augmentation  does  not  in- 
crease in  proportion  to  the  cube  of  the  suspended  vapors,  as 
concluded  by  Coulomb  from  his  too  few  experiments." 

Dellmann  (p.  541) :  **  The  dissipation  does  not  depend  on  the 
percentage  of  moisture  in  the  air,  but  on  the  Quantity  of  the 
vapor  included  in  one  cubic  foot  of  the  air ;  ana  in  proportion 
to  the  increase  of  this  quantity,  the  dissipation  increases." 

Besides  this,  Dellmann  adds :  **  that  the  dissipation  is  espe- 
cially determined  by  the  pressure  of  the  aqueous  vapor." 

Charault  says :  "  In  dry  air  the  coeflScient  of  dissipation  is 
very  small  compared  with  that  for  damp  air.  The  coefiicient 
increases  with  the  increase  of  the  dampness  of  the  air,  if  the 

*  Die  Lehre  von  der  Reibungs  electricitat,  Bd.  i,  s.  106-147. 

{Riess,  Bd.  i,  pp.  113-114. 
Beiss,  Reibungs  electricitat,  p.  117. 
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quantity  of  vapor  in  the  given  volume  remains  the  same.  The 
ooefBcient  of  dissipation*  increases  with  the  increase  of  the 
quantity  of  vapor. 

Warburg:  **JDamp  air  does  not  cause  greater  dissipation  than 
dry  air." 

8.  Inflxience  of  the  pressure, 

Matteuci  (p.  416) :  "  The  quantity  of  electricity  that  may  be 
retained  on  the  surface  of  an  isolated  conductor  depends  on  the 
density  of  the  surrounding  air.  In  a  vacuum  this  quantity  is 
nothing.  The  dissipation  in  dry  air  diminishes  with  the  dmii- 
nution  of  the  density." 

Warburg  (p.  599) :  "  The  coefficient  of  dissipation  sensibly 
diminishes  when  the  pressure  falls  from  760*°"  down  to  SSO""™, 
and  at  the  pressure  of  70™°^  is  less  than  one-third  of  what  it 
was  at  760™"." 

9.  Influence  of  various  gases, 

Matteuci  (p.  403) :  *'  In  the  air,  hydrogen  and  carbonic  acid, 
dry  and  pure,  having  the  same  pressure  and  temperature,  the 
di^ipation  is  the  sama" 

Warburg:  ^^Dissipation  is  the  same  in  the  air  and  carbonic 
acid,  but  in  hydrogen  one-half  as  great." 

10.  Influence  of  tobacco  smoke,  etc 

Dellmann  (p.  346) :  "  Dissipation  diminishes  in  the  presence 
of  tobacco  smoke." 

Warburg  (p.  594)  supposes  "  that  the  hard  particles  floating 
in  the  air  exercise  some  mfiuenca" 

On  my  own  part,  on  entering  into  the  investigation  of  this 
same  subject,  relative  to  which  1  have  quoted  so  many  differing 
data,  I  was  assisted  by  some  theoretical  conclusions  which  I 
thiok  I  can  here  explain. 

Not  only  certain  authorities  in  physical  sciences,  but  even 
several  specially  devoted  to  electrical  researches,  sustain  the 
view  that  electncity  adheres  only  to  the  surface  of  conducting 
bodies  by  the  counter-action  or  cooperation  of  the  air  in  con- 
tacLf  ouch  a  theory  would  make  us  believe  that  in  a  vacuum 
the  electricity  meeting  no  force  to  oppose  it  would  leave  the 
surface  of  the  electrified  body,  and  would  evaporate,  as  it  were, 
in  empty  space  until  it  extended  to  the  walls  of  the  enclosing 
cover  or  vessel,  and  subsequently  be  neutralized  by  contact 
with  an  electricity  of  an  opposite  sign.     But  many  experiments 

^  Chanolt  myt,  the  di88ip«tion  in  both  oases  deoreaaee  with  the  yolomei  thus : 

1 

t  De  k  Riye,  Thdte  de  I'Electrioit^  T.  i,  p.  121. 
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tried  at  different  times  prove  that  ffaaes  even  of  the  smi 
density,  and  under  the  pressure  of  even  less  than  70°^, 
become  under  certain  conditions  conductors  of  electricity, 
the  first  three  of  the  above  classes  of  electrical  dischai^ge 
be  observed  through  them  ;*  but  an  absolute  vacuum  doe: 
conduct  electricity,  t 

On  the  other  hand,  it  is  impossible  to  deny  all  reactioi 
the  part  of  the  air,  which  is  illustrated,  for  instance,  bi 
movement  of  ''  Franklin's  wheel. ":t  ^^^  %\3s^  a  reaction*^ 
be  derived  fix)m  such  atoms  onlv  as,  after  receiving  electr 
by  contact  with  the  electrified  body,  are  repelled  from  i1 
course,  the  magnitude  of  such  reaction  is  veiV  inconsidera 
but  nevertheless  it  is  accompuiied  by  the  other  manifesta 
^at  is,  the  loss  of  the  electricity. 

The  atoms  having  received  from  the  body  a  portion  c 
electricity,  carry  it  away  as  they  retire,  and  distribute  it  to  < 
bodies,  either  electricized  with  an  opposite  electricity  or  ha 
some  direct  connection  with  the  earth.  This  constitutes  in 
era]  the  process  of  the  loss  of  electricity  by  the  agency  oi 
gases,  or  the  partial  dissipation.  Such,  at  least,  is  the  opi 
of  almost  alLj  At  present^  when  the  new  theory  of  the 
stitution  of  gases  is  accepted,  such  an  explanation  of  the  o: 
of  electrical  dissipation  inspires  hope  that  the  subsequent  d< 
opment  of  electncal  statics  will  aid  in  explaining  the  elect 
manifestations  observed  in  gases,  and  particularly  the  discb 
of  electricity,  whether  by  sparks  or  by  silent  discharge;  anc 
dependence  of  the  electrical  conductibility  of  the  gases  oi 
atmospheric  pressure. 

Accepting  the  hypothesis  of  atomic  motions  in  gases,  it 
be  easy  to  demonstrate  that  the  dissipation  of  electricitj  dep 
on  the  pressure  of  the  gas ;  and  if  we  disr^ard  certam  cin 
stances  we  will  find  that, 

1.  Dissipation  follows  according  to  Coulomb's  law. 

2.  The  coefiBlcient  of  dissipation,  p,  is  inversely  proporti 
to  the  square  root  of  the  absolute  temperature  of  the  gas. 

8.  That  it  is  proportional  to  the  pressure  of  the  gas. 
4  That  it  depends  on  the  nature  of  the  gas. 

*  BeisB,  Beibongs  electridtit,  B.  i,  pp.  39,  40 ;  Morren,  Pogg.  Ann.,  £ 
pp.  631,  633. 

f  Beifls,  BebuDgs  electricitit,  B.  i,  pp.  39,  42 ;  Alvergniat,  C.  R.,  Tom 
p.  963 ;  Pogg.  Ann.,  cxxziii,  p.  191 ;  WiUlner,  Pogg.  Ann.,  cxxxiii,  p.  509. 

1  In  a  vacuum  this  does  not  move. — Tomlinson,  PhiL  Mag.  (4),  zzvii. 

g  K6tteritz8ch  attributes  the  amount  of  this  reaction  to  a  difference  that 
between  the  results  of  the  experiments  of  Harris  and  the  computation  of  The 
— See  Electrostatik  von  Kotteritsch,  pp.  316-327. 

I  BeiBS,  Beibungs-electricit&t,  voL  i,  p.  108;  Dellmann,  Ueber  die  gesetzm 
keit . . .  Zeitsohrift  f.  Math.,  zi,  pp.  348,  349 ;  Matteuci,  Memoire  sur  la  pre 
tfam  de  releotridtd,  Ann.  de  Ghim.  et  de  Phjs.  (3),  T.  xxvii,  p.  171. 
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The  new  theory  of  the  ^es  assumes  that  perfect  gases  are 
composed  of  atoms  found  in  a  state  of  perpetual  motion.  Each 
atom  must  be  considered  as  a  center  of  atomic  force,  whose  ten- 
sion diminishes  in  proportion  to  the  separation  of  the  atoms  in 
such  a  manner  that  beyond  the  limits  of  a  certain  sphere  the 
atomic  force  of  the  atom  at  its  center  becomes  so  insignificant 
that  it  can  be  considered  to  be  nothing.  This  sphere  is  called 
the  sphere  of  atomic  action.  The  volume  occupied  by  the 
sphere  of  any  atom  found  in  a  given  volume  of  gas  is  indefi- 
nitely small  in  comparison  with  the  volume  of  the  gas. 

The  motion  of  each  atom  is  in  a  straight  line  and  with  a  uni- 
form velocity,  and  so  continues  as  long  as  it  does  not  bring  the 
atom  into  contact  with  the  sphere  of  another  atom,  or  until  one 
interferes  with  the  action  of  the  other ;  when  this  happens  there 
results  a  change  of  motion  of  both  atoms — a  sort  of  concussion, 
after  which  each  atom  has  a  new  direction  and  a  new  velocity. 
Sach  a  concussion  is  similar  to  the  striking  of  elastic  balls,  and 
is  performed  in  an  infinitely  short  time.  The  same  thing  is 
experienced  in  the  concussion  of  particles  or  balls  of  any  kind 
of  hard  bodies.* 

If  among  such  a  collection  of  moving  atoms  there  be  placed 
an  electrified  body,  the  motion  of  all  the  atoms  will  change, 
because  on  each  of  them  will  operate  a  new  force,  the  amount 
and  direction  of  which  will  depend  on  the  form  of  the  electri- 
fied body,  the  quantity  of  its  electricity,  the  distance  of  the 
atoms  from  its  surface,  and  even  the  size  of  the  atoms  them- 
selves ;  in  general  this  force  will  attract  the  atoms  to  the  body ; 
but  as  these  atoms  are  very  small  and  the  quantity  of  electri- 
city in  them  almost  nothing,  therefore  the  force  acting  on  the 
atoms  will  be  very  inconsiderable,  and  at  a  distance  from  the 
surfece  of  the  electrified  body  will  be  so  insignificant  that  in  the 
first  moments  of  time  the  change  in  the  motions  will  scarcely 
be  marked,  except  for  those  atoms  which  come  in  contact  with 
each  other. 

Let,  for  instance,  the  electrified  body  be  a  metallic  ball  whose 
radius  =B;  the  quantity  of  its  electricity  =Q;  each  atom  suffers 
an  electrical  induction  depending  on  the  action  of  the  ball  R, 
and  the  action  of  other  neighboring  bodies ;  omitting  for  the 
present  the  action  of  the  last,  we  find  that  the  force  operating  on 
the  atoms  (represented  also  by  their  radius=r)  in  the  direction 
from  the  center  of  the  atom  to  the  center  of  the  body,  is  equal 

to  --r^  wheref 

*  ClanaiuB:  Abhandltinsen  tlber  die  Mechanische  Wanne  Theorie,  II«  pp.  235, 
261;  ICaxweU,  niostrationB  of  the  Dynamical  Theorj  of  Gkises,  Part  I.  Plul.  Mag. 
(4X  nx,  pp.  19,  20. 

t  Considering  the  state  of  distribution  of  the  electricity  on  two  spheres  under 
the  influenoe  of  minute  electrical  forces. 
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and  c  is  the  distance  between  the  centers  of  the  ball  and  the 
atom ;  the  equation  (2)  is  obtained  by  disregarding^higher  powers 

r  m 

of  the  fractions,  as  for  instance  3 — ^  and  -; — ^ ;   which  is 

allowable  only  in  case  (c— R^  is  much  greater  than  r. 

Let  us  now  see  what  will  oe  the  effect  of  such  a  force  on  the 
duration  of  the  interval  between  two  consecutive  concussions. 
To  this  end  let  the  velocities  be  ti^  and  u ;  the  distances  of  the 
center  of  the  atom  from  the  center  of  the  electrified  conductor  at 
the  beginning  and  the  end  of  the  interval  be  Cq  and  c ;  then  if 
we  consider  tne  living  forces  we  find 


.       .     QV/  1        1  \ 
•        m  \  e*       c// 


Let  us  put  c  =  CQ±:nl  where  l=Tjijw  o{  h  millimeter,  or  the 
average  len^h  of  the  path  between  the  concussions  of  two 
atoms  ;*  and  n  is  an  abstract  number  of  such  value  that  the 

ratio  —  represents  a  small  fraction,  so  that  we  can  put 

JL    -L—    1^^ 

e        c,  c, 

thus  we  have 

(8)  u«^..=  ±_^. 

The  quantity  m,  the  mass  of  the  atom,  can  be  expressed  thus : 

_P^_   1  6dR 


where  P  is  the  weight  of  the  unit  of  volume  of  the  gas ;  N  is 
the  number  of  atoms  in  said  volume;  <yzz:0'001298  milligram 
is  the  weight  of  one  cubic  millimeter  of  air  at  0**  C.  and  760""; 
H  is  the  actual  pressure  of  the  gas ;  i  is  the  temperature ;  d  is 
the  density  of  the  gas  as  compared  with  air;  ^=9800""*  is  the 
force  of  gravity  expressed  as  a  velocity  per  second. 
Furthermore,t 

where  X  is  the  mean  distance  between  the  atoms ;  p  is  the  radius 
of  action  of  the  atoms.  If  now  we  indicate  by  a=  — ^-  the 
density  of  the  electricity,  L  a,  the  quantity  belonging  to  one 

*  Clausius,  Abhandlimgen,  11,  p.  326. 
f  GUiisiuB,  Abhandlimgen,  II,  p.  272. 
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square  millimeter  of  the  surface,  theu  we  will  be  able  to  write 
formula  (S)  in  the  following  form : 

c*    c^ff        o-a'H 
±1142927000— J .  — 5 . ^r^^ — i.zl'n. 

To  show  how  insignificant  is  the  second  part  of  this  equation, 
we  will  make  the  following  disadvantageous  suppositions: 

and  lastly,  if  for  simplicity  we  put  i=0,  H=760°*",  ei=l,  for 
which  there  results*  i^o=485xl(r  millimeters,  we  obtain 

«'=«.'(i±^.JJ^.) 

/,   ,   A*n    166\ 

If  we  put  B=10™",  A=10»,  n=10',  which  correspond  well  to  a 
very  strong  tension  of  the  electricityf  and  to  a  length  of  the 
path  rd  of  six  millimeters,  we  then  obtain 

—=1+000166. 

This  change  in  the  velocities  will  correspond  to  a  change  in  the 
temperature  of  0®*8  C.  It  follows  that  during  the  first  moments 
there  will  fall  on  the  surface  of  the  electrified  body — 

1.  Such  atoms  as  would  fall  on  it  in  case  it  were  not  electri- 
fied, and  in  consequence  of  gravity  alone. 

2.  Such  as  are  very  near  to  the  surface. 

3.  Such  as  may  from  greater  or  less  distances  accidentally 
parsae  their  paths  past  each  other  without  concussion. 

After  the  first  moment,  during  which  the  falling  atoms 
become  electrized,  they  retire  from  the  surface  of  the  body  and 
meet  the  non-electrized  atoms,  and  communicate  to  the  latter 
a  part  of  the  electricitv  received  from  the  body ;  hence  many 
atoms  will  remain  at  the  surface  of  the  body,  and  they  will  be 
charged  with  the  same  kind  of  electricity.  The  force  acting  on 
such  atoms  will  direct  them  from  the  surface  of  the  body,  while 
the  force  acting  on  the  neutralized  atoms  will  attract  them 
toward  its  sur&ce:  the  former  will  diminish  the  number  of 
atoms  falling  toward  the  body;  the  latter  will  increase  that 
number. 

^  CLansiufl,  Abhandlungen,  11,  p.  266. 

f  Compare  Weber  and  Kohlrausch,  Maassbeatimmnngen,  ZuruckfCQirung  dor 
StromintenBitatB  Measaogen  aul  Mechanischea  Maasa.,  p.  263. 
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As  the  result  of  these  considerations  we  most  admit  that 
during  ths  slow  dissipation  of  the  electricity  the  number  of  atoms 
dropping  on  the  surface  of  the  eixtrified  body  is  nearly  such  as 
is  determined  by  the  pressure  and  temperature  of  the  gas  found 
nearest  to  the  surface. 

According  to  Maxwell*  the  number  of  atoms  adhering  in  a 
given  unit  of  time  to  a  given  unit  of  surface  is 

where  I  and  u  are  respectively  the  mean  length  of  path  and  the 
mean  velocity  of  the  atom ;  N  is  the  number  of  atoms  in  the 
unit  of  volume  of  the  gas ;  z  is  the  coordinate  whose  axis  is 
normal  to  the  surface ;  n,  an  abstract  number,  either  whole  or 
fractional,  included  between  zero  and  infinity. 

The  number  of  atoms  falling  in  the  elementary  space  of  time 
dt  on  the  element  ds  of  the  surface  of  the  body  will  be 

hence  the  number  of  atoms  dropping  in  the  time  di  on  the 
whole  surface  of  the  sphere  R  will  be 

TrNtiR'cft. 

Each  atom  on  striking  the  sphere  will  receive  a  quantity  g  of 
electricity,  expressed  by  the  equationf 

^~  6'^R" 

consequently  the  ball  in  the  time  dt  will  lose  a  quantity  of 
electricity  equal  to 


that  is  to  say. 


jNwQr'eft; 


rfQ=-^NtiQr*<ft; 


whence,  assuming  N  and  u  to  be  constant,  we  obtain  by  inte- 
gration the  formula  of  Coulomb : 

t_ 

in  which  the  coeflScient  of  dissipation  will  be 

p       3 

*  Maxwell,  niustrstions,  PhiL  Mag.,  yoL  zix,  p.  29. 
t  Beiss,  Beibungs  electridtat,  voL  i,  p.  226. 
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In  order  to  demoDstrate  the  dependence  of  this  expression  on 
the  pressure  of  the  gas,  we  will  make  use  of  the  following  :* 

«=485X10-   |1±^;       Nm=         ^^^ 


>-760(l+a^)' 


where  the  letters  have  the  same  meaning  as  before ;  we  then 
obtain : 


(4)    i=£".i.486.io..r:.  H .  i: 

^  '         ^       **      ^  m    760  \ 


that  is  to  say,  the  coefficient  of  dissipation  in  one  and  the  same 
gas  increases  in  proportion  to  the  pressure. 

Taking  this  conclusion  for  my  Dase,t  I  undertook  to  investi- 
gate experimentally  the  dependence  of  the  coefficient  of  dissi- 
pation on  the  pressure  and  properties  of  the  gas.  The  apparatus 
that  I  used  was  constructea  in  the  following  manner : 

On  the  copper  plate  of  an  air  pump  was  fixed  a  bell  fflass,  with 
an  opening  m  its  upper  part  Into  this  opening  a  diaphragm 
was  adapted^  having  a  sliding  tube  plastered  carefully,  through 
which  passed  a  copper  rod,  having  at  its  upper  end  a  glass 
handle,  and  at  its  lower  end  a  curved  prolongation  ending  with 
a  small  sphera  To  the  diaphra^  there  was  attached  a  silk 
thread,  fix)m  which  hung  by  the  middle  a  little  bar  (MN)  made 
of  shellac,  about  100°*"  long  and  1™°  diameter,  having  on  one  of 
its  ends  a  little  ball  made  of  elder  pith  covered  with  gold  leaf, 
and  on  the  other  a  small  leaf  of  mica ;  by  the  middle  of  this  bar 
a^n  was  fixed,  also  of  shellac,  a  little  rod  40""  long  and  2"" 
diameter,  carrying  at  its  lower  end  a  short  magnetized  needle. 
(win).  The  ball  was  immovable,  and  of  the  same  diameter  as 
the  movable  one.  On  the  outside  of  the  bell  glass  on  a  level 
with  the  bar  was  pasted  a  scale  (BB)  on  thin  paper,  divided  on 
both  sides  into  degrees.  The  position  of  the  oar  was  observed 
from  a  distance  of  1*5  meters  fi-om  the  bell  glass  by  bringing 
the  eye  into  a  line  with  the  silk  thread  and  the  comer  of  the 
mica  sheet 

The  air  or  gases  were  introduced  into  the  bell  glass  through 
five  drying  tubes,  of  which  one  was  filled  with  small  pieces  of 
pumice  stone,  wetted  with  sulphuric  acid,  and  another  with 
chloride  of  calcium ;  under  the  bell  glass  stood  a  small  vessel 
containing  pieces  of  phosphoric  acid.  The  experiments  were 
performed  only  after  tne  bell  glass  had  been  at  least  three  times 
refilled  with  such  air  or  gas. 

The  shaft  or  copper  rod  served  to  charge  the  balls,  which 
before  being  charged  touched  each  other ;  in  this  position  the 

*  Claosiiifl,  Abhandlungen,  n,  p.  255. 

f  Dellmaim  oomes  to  the  same  condusions  as  to  the  quantity  of  water  in  the  air. 
Zeitichrift  fur  die  Mathematik  und  Physik  v.  Schlomilch.    Band  xl,  8.  348-362. 
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bar  which  supported  the  needle  was  in  the  magnetic  meridiaa 
When  the  balls  are  each  charged  with  the  same  quantity  of 
electricity,  the  bar  MN  will  deviate  by  the  angle  a© ;  then  the 
moment  of  the  repulsion  of  the  electrical  forces  may  be  ex- 
pressed thus: 


Q* 


L  cos  \a^ ; 


4L'  sin*  K 
and  the  moment  of  the  magnetic  force, 


MTsina 


•9 


where  L  is  the  half  length  of  the  bar ; 
M  the  magnetic  moment  of  the  needle 
mn^  and  T  the  intensity  of  terrestrial 
magnetism.  Equating  both  expres- 
sions we  obtain : 

(5)  0,*=  8MTL  Bin*  ia,. 

After  the  lapse  of  the  time  U  the 
quantity  of  electricity  will  become  Q, 
and  the  angle  of  deviation  will  be  a : 

(6)  Q'  =  8MTL  sin*  ^ 

Eliminating  the  quantities  Q  and  Qq  from  the  equations  (1), 
(5)  and  (6),  we  obtain : 

(7)  p  = ^i^i-? . 

^  '  ^      3(log  sin  ^a,— log  flin  ^a) 

According  to  this  formula  I  have  computed  jo. 

I  am  certain  that  each  time  1  read  the  divisions  on  the  paper 
scale  BB,  I  could  not  make  an  error  greater  than  one  half  of  a 
degree.  The  angle  Oq  or  a  is  the  mean  of  four  observed  num- 
bers ;  if  in  the  neutral  state  of  the  balls  I  read  the  divisions  X 
and  Xi,  and  when  they  were  electrified,  the  divisions  Y  and 
Yi,  then  a  is  equal  the  half  sum  of  the  difi^erences  X— Y  and 
Xj— Yj.  In  each  of  these  four  readings  I  could  not  commit  an 
error  of  one-half  of  a  degree ;  consequently  the  largest  error  in 

the  determination  of  the  angles  —  and -^  could  amount  only 
4    r     1** 

If  \a  and  ^Oq  be  varied  ±80',  then  the  log  sin  ^Oq  and  log  sin 
\a  will  vary,  which  I  indicate  thus : 

A  log  sin  \a^  and  A  log  sin  \a ; 

as  a  consequence  of  this,  p  will  change  to  ^p ;  and  we  have 
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P 


log  sin  ——  log  flin  — 


log  Bin  ~  —  log  sin-— +  A  log  Bin-^—  A  logBin--- 


from  this  we  obtain : 


P 


A  log  Bin  ~—  A  log  sin— - 

log  Bin  -^  —  log  sin  -— 
M  It 


I*  •  •  •  • 


where  we  see  that  the  term  expressed  in  the  parenthesis  is  less 
than  unity. 

In  the  worst  case,  when  ^  log  sin  ~  and  ^  log  sin  -—  have 


opposite  signs,  we  have  for  the  greatest  value  of 


^P 


(B) 


A  loc  Bin  -^+  ^  log  Bin— ■ 
-^  log  Bin  ~—  log  Bin  — - 

2  ^ 


According  to  this  formula  I  have  computed  the  greatest 
possible  error  in  the  determination  of  the  quantity  p  in  my 

experiments ;  and  have  selected  only  those  results  in  which  — 

is  not  more  than  0*8 :  the  rest  I  have  rejected. 

The  electrical  condition  was  maintained  from  eight  to  ten 
days,  as  for  instance,  from  30th  Juue  to  10th  July,  and  in 
another  case  from  22nd  June  to  80th  June. 

The  following  are  the  results  obtained : 

L  In  dry  air  at  the  ordinary  pressure. 


Na 

Month. 

Day. 

Hour, 
p.  M. 

1 
t 

7^ 

a 
''2 

p 

P 

1 

July 

12 

Ih  38m 

1 

15' 

«  w  w  « 

'* 

12 

7  20 

342™, 

2 

45 

0-2 

118 

2 

(1 

20 

7  57 

20 

52-5 



•  •  •  • 

it 

21 

1  40 

1063  : 

4 

62-5 

0-08 

247 

u 

21 

3  37 

1180  1 

2 

7-5 

0-09 

174 

3 

August 

14 

1  16 

w  «  *  « 

19 

0 

•  -  •  • 

.... 

(t 

14 

3  34 

139  i 

15 

30 

0*28 

238 

(. 

14 

4   2 

167 

15 

7-5 

0-25 

251 

i 

(1 

18 

4  38 

t 

19 

30 

w  w  «  « 

«  «  «  w 

n 

18 

7   5 

147  1 

13 

45 

0-17 

144 
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n.  In  dry  hydrogen  %mder  the  ordinary  preeeure. 


No. 

Month. 

Day. 

Hour. 

P.  M. 

i 

2       2 

P 

P 

1 
2 

3 

July 

u 
It 
u 

(C 

u 
(* 

u 
u 

13 
14 
22 
23 
23 
23 
24 
26 
26 

4fi  30m 

1  0 
3     40 

12     50 
3     10 
6    37 

12     27 

2  25 
8      3 

i230» 

1270 
1410 
1617 
2693 

*458 

13-     O' 
7     30 
17     30 
12      0 
11     16 

10  15 

3     22*6 
14      7*6 

11  22-6 

0*17 

0*18 
0-16 
014 
010 

o'is 

"nil 

1147 

1086 

1027 

642 

'716 

IIL  In  dry  air 

at  pressures  between  24""  and  60"" 

1 

No. 

Month. 

Day. 

Hour, 
p.  M. 

t 

Oq      a 

P 

P 

Press- 
ure. 

1 

June 

30 

411  om 

12*  30' 

24— 

July 

1 

4    0 

1440"' 

9     15 

0-3 

1613 

.. 

tt 

2 

1  30 

2730 

8     22*6 

0-24 

2297 

.. 

•1 

3 

12  46 

4125 

7     15 

018 

2549 

41 

4 

2  10 

5650 

6    22-5 

017 

2822 

25 

It 

5 

1     OP.M. 

7020 

6      7*5 

0-14 

2644 

.. 

It 

6 

11   40A.1C. 

8380 

4      7*5 

013 

2536 

28 

It 

7 

12  30  P.M. 

9870 

2    37*5 

014 

2118 

32 

ft 

8 

1  15 

11366 

1     46 

016 

1933 

34 

2 

tt 

29 

2     0 

M    V    •   V 

6    46 



V   *    «    V 

25 

tt 

30 

2  46 

1486 

3     52-5 

0-3 

896 

45 

3 

August 

6 

4     1 

•  ••• 

13     30 

.... 

.... 

23 

tt 

6 

1     4 

1263 

8      7*6 

0-2 

879 

55 

4 

It 

7 

2  42 

m  m  m  m 

16       7*5 

•    V    V    M 

«  *  «  « 

48 

It 

8 

12  67 

1336 

10    45 

0-18 

1117 

55 

It 

9 

1     9 

2787 

6     52*5 

01 

937 

65 

5 

It 

15 

4  33 



15     30 



w  w  »  * 

34 

It 

16 

3  13 

1360 

10     52*5 

0*2 

1302 

40 

It 

17 

2  34 

2761 

7    37*5 

0*13 

1312 

45 

It 

18 

3  15 

4242 

3     52*5 

Oil 

1028 

50 

6 

It 

19 

2  30 



13       0 



«  «  w   «k 

34 

It 

20 

6     6 

1366 

9       0 

0*2 

1244 

35 

kmm 


jp=210 

JO =878 

^=1700 


The  mean  of  Series 

I,  Air  under  pressure  of  760™°, 
II,  Hydrogen  under  pressure  of  760' 
III,  Air  under  pressure  of  30-50°^, 
I  conclude  from  this : 

1.  That  the  dissipation  of  electricity  in  air  (and  other  gases) 
diminishes  with  the  diminution  of  the  pressure. 

2.  That  the  dissipation  in  hydrogen  is  less  than  in  air  [at  the 
same  pressure]. 
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[Continued  from  page  46.] 

shores  of  the  islands  and  of  Gape  Elizabeth  afford  excel- 
lecting  grounds  at  low  water,  owing  to  their  diversified 
er.  A  large  part  of  these  shores  are  abrupt  and  rocky, 
en  formed  of  broken  and  precipitous  ledges  of  hard  meta- 
c  slates  and  thin-beddea  grits,  or  altered  sandstones, 
)  places  passing  into  gneissose  rocks,  and  generally  dip- 

a  high  angla     Tide-pools  are  of  frequent  occurrence, 

en  of  large  size,  and  afford  excellent  opportunities  for 

Qg  the  shallow-water  and  littoral  species  oi  animals,  and 

Dcautiful  alg8B.     One  very  lar;ge  pool  on  Ram  Island 

was  especially  rich,  and  was  visit^  several  times  witlj 

In  this  pool  young  lobsters  of  all  sizes  were  very  abun- 
neath  the  stones.  Two  species  of  Chitonidae  also  occurred 
>gether  with  many  other  species  not  usually  to  be  found 
water  mark.  Hydroids  and  Bryozoa,  of  many  species, 
>undant  in  this  and  other  similar  pools.  The  shore  spe- 
tained  upon  the  islands  and  outer  shores  of  the  bay  were 
all  boreal  or  arctic  forms.  In  the  harbor  of  Portland, 
piles  of  the  wharves,  etc.,  a  few  more  southern  species 
let  with,  though  the  northern  ones  predominate  even 

ral  insects  were  met  with  between  tides.  Among  these 
hironomus  oceanicus,  and  the  larvae,  about  two  inches 
f  a  fly,  probably  an  Eristalis,  which  lived  in  small  tide- 
inder  stones,  and  extended  their  long  tapering  tails  up 
sur&ce ;  the  pupa  of  a  fly  allied  to  Ephydra;  a  species  of 
,  and  several  other  beetles ;  and  two  or  three  species  of 
p^ere  also  collected  between  tides.  The  following  were 
the  shore-dwelling  species : 


Crustacea. 

orealiB. 

Gammanis  marinuB. 

Cerapus  nibricomis. 

IQB. 

Hjale  littoralis. 

Undola  irrorata. 

a  pusiola. 

Talorchestia  meg^oph- 
thalma  Smith. 

Jffira  copiosa. 
Idotea  irrorata. 

ynlgaris. 

18  BsrnharduB. 

Orchestia  agilis  Smith. 
Calliopius  Iffiviusculus. 

I.  phoephorea  Harger. 
ErichRonia  filiformis  Har- 

ri. 

ifl  omatus. 

Pontagenia  inermis. 
Amathella  ang^osa  (7). 

Annelids. 

geri 
Balanus  balanoidea. 

tns  aquamatos. 
oS  imbricata. 

Nephthys,  sp. 
Nereis  virens. 

Eulalia  pistada  V. 
Eteone,  sp. 

Iratedii. 

N.  pelagica. 

Phyllodooe  catenula  V. 
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Hhynchobolufl  dibranchi- 

atus. 
Cirrattdus  drratuii. 
Lumbriconereifl  fragiliB. 
Stephanoeyllis   omato  Y., 

new  sp.* 


NemertM  Tiridis. 
Borlasia,  sp. 
Tetrastomma,  three  sp. 


AutolytuB  oornutos. 
ProoBraoa  gracilis,  new  w^\ 
Polydonii  sp. 
Nioomache,  sp. 
Olymenella  torquata  Y. 
Cistenides  granulatns. 

TurheUaricL 

Oosmooephala  Stimpeonii  Y. 
MonotuB  spatulicauda. 
Monooelis,  sp. 

MoUusca. 


Amphitrite  bnmiiea(BLi^). 
Poljobmai  sp. 
Myxicola  SteenstrupiL 
Fabrida  Leidyi  Y. 
Potamilla  ocnlifera  Y. 
Spirorbis  borealia. 


FoYlaaffinifl. 

Leptoplana  ellipeoides,  etc. 


The  shore  Mollusca  were  decidedly  northern,  and  the  speciee 
were  not  very  numerous.  Among  the  most  abundant  of  them 
are  the  following  : 


Purpura  lapillos. 
Bucdnum  undatum. 
Iljanassa  obsoleta. 
Tritia  trivittata. 
l^unatia  heros. 
Littorina  littorea. 
L.  rudis. 


Littorina  palliata. 
Lacuna  yincta. 
Rissoa  aculeus. 
Littorinella  minuta  St 
Skenea  planorbis. 
Acmsa  testudinalis. 
.£olis  papillosa. 


Saxicava  arctica. 
Mjaarenaria. 
Maooma  fragilis. 
Turtonia  minati^. 
Mjtilus  eduiis. 
Modiola  modiolus. 
Amarcedum  glabrum. 


*  StephanoayUia  anuUa  Y.,  sp.  nov. 

Body  moderately  slender,  thickest  near  the  middlei  tapering  slightly  anteriorlyf 
and  rapidly  posteriorly,  the  caudal  portion  acuminate,  with  two  slender  caudal 
drri.  Antennae  and  tentacular-drri  long,  slender,  and  tapering,  slightly  and 
irregularly  annulated,  or  transyersely  wrinkled ;  median  antenna  longest,  reaching 
back  to  about  the  tenth  segment ;  lateral  antenns  about  equal  to  the  upper  tenta- 
cular cirrus,  or  reaching  to  about  the  sixth  body-segment ;  lower  cirrus  about  half 
as  long ;  dorsal  dmis  of  the  second  segment  very  long  and  slender,  equaling  or 
exceeding  the  median  antenna ;  dorsal  cirri  of  the  third  segment  as  long  as  those 
of  the  first,  or  longer,  more  than  twice  the  diameter  of  tibe  body ;  those  of  the 
fourth  segment  less  than  half  as  long;  those  farther  back  unequal  in  length. 
Head  rounded  in  front  and  behind,  broad,  the  anterior  pair  of  eyes  larger  and 
wider  apart  than  the  posterior  ones;  ''epaulets"  conspicuous,  lanceolate,  extend- 
ing back  to  the  fourth  segment  Color,  in  life,  pale  green,  espedally  beneath  and 
on  the  sides  above ;  back,  bright  orange-red,  with  transverse  lines  of  green  at  the 
articulations ;  setigerous  lobes  whitish ;  lateral  drri  pale  greenish  white ;  antenne 
and  tentacular-cirri  pale  salmon,  often  tipped  with  pink ;  epaulets  orange,  centered 
with  gnreen,  and  bordered  by  a  line  of  white,  and  with  a  red  line  along  the  edgie; 
head  pale  yellow ;  eyes  black.     Length,  12™";  breadth,  '76"". 

Gasco  Bay,  6  to  20  fathoms,  stony ;  and  in  tide-pools  at  low-water.  This  was 
mentioned  in  No.  xxvi,  p.  43,  as  "  S.  picta; "  that  name  is  preoccupied. 

f  Procerwa  gradUa  V.,  sp.  nov. 

Body  very  Vendor,  elongated.  Head  subcordate,  longer  than  broad,  rounded  in 
front,  posteriorly  extending  back  in  two  short  rounded  lobes,  not  reaching  beyond 
the  buccal  segment ;  anterior  eyes  considerably  farther  apart  than  the  posterior 
ones.  Antennas  and  upper  drri  of  the  first  two  segments  very  long  and  slender, 
faintly  annulated;  the  median  antenna  is  very  much  elongated,  considerably 
longer  than  the  lateral  ones,  and  about  equal  to  the  dorsal  drri  of  the  second 
segment;  the  lateral  antennn  are  about  as  long  as  the  upper  tentacular-drri,  or 
al^ut  five  times  the  diameter  of  the  body;  the  dorsal  cirri  of  the  third  segment 
are  about  twice  as  long  as  the  diameter  of  the  body ;  the  drri  on  the  suooMding 
segpnents  are  about  half  as  long  as  the  breadth  of  the  body.  Color,  in  life,  pale 
greenish,  with  a  narrow  median  dorsal  line  of  dark  brown,  and  a  less  distinct  one 
on  each  side,  at  the  base  of  the  lateral  appendages ;  eyes  black.  Length,  about 
26"" ;  breadth,  l"",  or  less. 

Bay,  10  to  20  fathoms:  and  in  tide-pools. 
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R<idiat€L 

The  most  common  shore  species  were : 


GampanuUuria  flexuosa. 
Seitularia  pumila. 
8.  argentea. 


Sertularella  nigofla. 
Clava  leptostySu 
Metridium  margiiiatam. 


Strongylooentrotus  Dro- 

bacfaiensis. 
Asterias  vulgaris. 
Obelia  geniculata. 

Several  species  of  sponges  are  also  common  between  tides. 

On  the  sheltered  muddy  bottoms,  from  just  below  low-water 
mark,  to  the  depth  of  about  two  fiithoms,  the  eel-grass,  Zostera 
marina^  grows  in  abundance.  Among  this  many  species  of 
Crustacea,  worms,  and  mollusks  find  congenial  abodes,  and  fur- 
nish abundant  food  for  the  fishes  that  frequent  such  localities. 
Some  of  these  are  somewhat  southern  in  character. 

Among  the  Crustacea  from  the  eel-grass  were:  Hippolyte 
Gatmardii ;  Orangon  vulgaris ;  Mysis  stenolepsis  Smith ;  M. 
Americana  Smith;  Oalltopius  hxviusculus ;  a  new  genus  with 
very  large  epimera,  allied  to  Metopa ;  a  new  species  of  Atunna, 
a  genus  of  isopod  Crustacea,  new  to  the  American  coast;  Idotea 
irrorata^  etc. 

From  the  piles  of  the  wharves  at  Portland  a  great  variety  of 
sponges,  hyaroids,  bryozoa,  etc.,  were  obtained;  the  slender 
branched  sponge,  Chalina  oculata,  was  here  particularly  abun- 
dant and  fine ;  also  Metridium  marginatum ;  and  the  compound 
Aflcidian,  Amaroscium  glabrum  V.,  with  many  other  northern 
forms.  The  Limnoria  lignorum  was  found  in  abundance,  des- 
troying the  piles  and  timbers. 

Among  the  more  interesting  littoral  species  obtained  on  the 
shores  of  Gasco  Bay  and  vicinity,  were  Littorina  littorea  and 
the  Cancer  borealis.     The  latter  is  a   large  crab   which   has 
hitherto  been  very  rare  in  all  collections,  and  but  imperfectly 
known  ;  this  we  found  in  large  numbers  on  the  ledges  at  the 
northern  end  of  Peak's  Island  and  Pumpkin  Knob,  in  tide-pools, 
or  clinging  to  the  sea  weeds  in  more  exposed  situations,  but 
never  concealed  beneath  the  rocks  with  the  Cancer  irroratus, 
which  was  there  abundant     The  carapaces  and  claws  of  the 
former  were  also  found  in  abundance  at  considerable  distances 
from  the  shores,  whither  they  had  been  carried  by  the  gulls 
and  crows.     Owing  to  the  exposed   situations  in  which  they 
live,  they  must  fall   an   easy   prey  to  rapacious  birda     We 
obtained  eighty-five  specimens  in  one  morning.     The  Littorina 
Vttorea  occurred  sparinglv  at  various  localities  on  the  islands, 
but  was  found  in  great  abundance  at  Scarboro,  on  the  piles  of  a 
bridge,  by  Dr.  Edw.  Palmer.     It  has  been  supposed  by  several 
writers  that  this  shell  has  been  recently  and  accidentally  intro- 
duced from  Europe;  but  Dr.  Dawson  informs  me  that  he  col- 
lected it  more  than  thirty  years  ago  in  the  Gulf  of  St  Lawrence. 
It  is  abundant  at  Halifax,  and  we  have  other  specimens  from 
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Kennebunkport,  Ma,  Hampton  beach,  N.  BL,  and  Province- 
town,  Mass.  There  is  really  no  sufficient  evidence  that  it  was 
not  an  inhabitant  of  our  shores  before  the  advent  of  Europeans, 
but  local  in  its  habitats.  It  may  have  become  more  diffused  in 
recent  times,  bv  commerce,  or  it  may  have  been  overlooked 
formerly  by  collectors. 

One  of  the  localities,  most  interesting  zoologically,  that  we 
visited,  was  a  small  shallow  and  sheltered  cove,  at  the  npper 
end  of  Quahog  Bay,  about  thirty  miles  northeast  from  Port- 
land. This  place  is  well  known  to  be  inhabited  by  the  round- 
clam  or  "Quahog"  {Venus  mercenaria),  which  is  not  found 
living  elsewhere  on  the  coast  of  Maine,  so  far  as  known  to  me. 
Indeed,  this  southern  species  is  rare  everywhere  north  of  Cape 
Cod,  on  the  New  England  coast,  and  is  probably  not  to  oe 
found  living  north  of  Massachusetts  Bay,  except  m  the  coves 
connected  with  Quahog  Bay.  It  is  also  absent  from  the  Bay  of 
Fundy,  but  reappears  in  the  southern  and  shallow  parts  of  the 
Gulf  of  St  Lawrence.  This  anomalous  distribution  would  be 
curious,  even  if  it  happened  only  in  the  case  of  this  one  species ; 
but  our  investigation  of  this  locality  shows  that  there  is  quite 
a  number  of  other  southern  species  associated  with  the  quanog, 
which  have  the  same  remarkable  distribution,  being  absent 
along  the  rest  of  the  northern  coast  of  New  England,  and  reap- 
pearing in  the  Gulf  of  St  Lawrence.  There  is,  in  fact,  at  this 
{)lace  a  genuine  colony  of  southern  species,  completely  isolated 
rom  their  co-species  of  the  southern  coast  of  New  England, 
and  surrounded  on  both  sides  by  more  northern  forms.  Sev- 
eral of  these  southern  species,  like  the  Ventis  mercenaria^  Crepid- 
via  convexa,  Eurosalpinx  cinerea,  Eupagurus  longicarpus^  Epe- 
lys  trilobus  Smith,  Meckelia  ingens  Leidy,  Asterias  arenicolOy  etc., 
were  not  even  met  with  among  the  islands  and  coves  of  Casco 
Bay ;  while  others,  such  as  llyanassa  obsoleta^  Orepidula  fornicator 
C,  plana,  Limulus  Polyphemus,  etc.,  occurred  more  or  less  fre- 
quently in  the  more  sheltered  and  shallow  waters  of  Casco  Bay, 
tnough  they  are  not  found  on  the  more  exposed  shores  of 
Maine  and  New  Hampshire,  farther  to  the  south  and  west, 
but  have  their  true  homes  south  of  Cape  Cod.  Native  oysters 
also  occur,  in  a  similar  way,  farther  eastward  than  Quahog  Bay, 
near  Damariscotta,  though  it  is  not  probable  that  they  are 
indigenous  elsewhere  on  the  New  England  coast,  north  of  Cape 
Cod, — as  they  certainly  are  not  north  of  Massachusetts  Bay, — 
yet  they  reappear  in  the  Gulf  of  St  Lawrence,  with  the  other 
southern  forms. 

In  fact,  the  southern  part  of  the  Gulf  of  St  Lawrence,  from 
Chaleur  Bay  to  Prince  Edward  Island  and  Cape  Breton  Island, 
is  a  region  of  shallow  water,  occupied  by  another  southern  col- 
ony, but  a  much  larger  one  than  that  of  Quahog  Bay,  and  contain- 
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ing,  perhaps,  a  few  southern  species  that  do  not  occur  in  the 
latter  locality ;  though  owing  to  the  fact  that  we  could  spend 
but  a  few  hours  at  this  place,  our  collection  is  doubtless  quite 
incomplete.  On  the  other  hand,  we  have,  with  the  exception  of 
the  shells,  very  imperfect  lists  of  the  southern  species  inhabiting 
the  colony  in  the  Gulf  of  St.  Lawrence,  so  that  a  complete  com- 
parison cannot  be  made,  at  present,  except  with  tne  shells ; 
these  agree  very  closely,  according  to  the  lists  given  by  Daw- 
son, Bell,  and  Whiteaves. 

As  the  existence  of  these  isolated  southern  colonies  has  an 
important  bearing  upon  the  question  of  former  changes  of  cli- 
mate on  our  coast,  and  as  other  facts,  to  be  mentioned  further 
on,  are  intimately  connected  with  them,  I  give  here  a  list  of  the 
species  obtained  by  us,  in  the  cove  referred  to,  so  far  as  they 
have  been  identified. 

List  of  species  collected  at  low-water  in  a  small  cove  at  the  upper 

end  of  Quahog  Bay. 

Those  with  an  asterisk  prefixed  are  decidedly  southern  spedee,  belonging  prop- 
erly to  the  region  south  of  Cape  God. 


Cancer  irroratus. 
*Eupaguru8  longicarpus. 
Cnuigon  vulgaris. 
*Mj8is  stonolepis  Smith. 


Lepidonotus  squamatus. 
Kephthjs  ingens. 
Kereis  virens. 

^Meckelia  ingens. 


^Uroealpinx  cinerea. 
Purpura  lapillus. 
^Ilyanassa  obsoleta. 
Tritia  trivittata. 
Natica  heroe. 


ARTICULATA. 

Crustacea. 

Gkunmarus  omatus. 
Amphithoe,  sp. 
♦Bpelys  trilobus  Smiih 
Idotea  irrorata. 

Annelids. 

♦Rhjmchobolus  dibranchia- 
tus. 

Turbellaria. 

{Nemertes  viridis. 

MOLLUSCA. 

Gastropods. 

*Crepidula  conveza. 
♦C.  fomicata. 
*G.  plana. 
Littorina  rudis. 


Limnoria  lignorum. 


♦Argulus,  sp. 
*Limulus  Polyphemus. 
Balanus  balanoides. 


Fabricia  Leidyi. 
Spirorbis  borealis. 


I  *Nemertes  socialis. 


Littorina  palliata. 
Lacuna  vincta. 
Rissoa  aculeus. 
Acnuea  tostudinalis. 


Sazicava  arctica. 
Mya  arenaria. 
^Venus  mercenaria. 


*Modiola  plicatuUL 
Anomia  aculeata. 


Lamellibran  chs. 

Macoma  frag^lis. 
♦Petricola  pholadiformis. 
Mytilus  edulis. 

Bryozoa. 
Alcyonidium  hispidum.       |     Alcyonidium  hirsutum. 

RADIATA. 

Echinoderms. 
*  Asterias  arenioola. 

Ax.  JonR.  8ci.— Third  Sbriss,  Vol.  VII,  No.  88.— Feb.,  1874. 
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Hydroida. 
Sertularia  pumila.  |Obelia  geniculata.  |  Claya  leptoetjla. 

Polyps, 
Metridium  marginatum. 

Although  the  species  in  this  list,  that  are  not  marked  as 
southern,  have  a  continuous  range  northward  to  the  Gulf  of 
St  Lawrence,  and  many  of  them  to  the  Arctic  Ocean,  North 
Pacific,  and  northern  Europe,  they  all  extend  as  far  south  as 
Long  Island  Sound,  and  several  of  them  even  to  North  Carolina. 
Most  of  them  are,  therefore,  northern  species  having  a  wide  dis- 
tribution, and  their  presence  in  this  particular  locality  has  no 
special  significance. 

In  Quahog  Bay  itself  we  found  the  bottom  composed  of  soft 
sticky  mud,  and  in  this  we  dredged,  in  4  to  6  fatnoms,  a  great 
number  of  large  and  fine  specimens  of  Yoldvi  limatula  and 
Macoma  sabulosa^  with  a  number  of  other  common  species. 

That  the  Quahog  Bay  colony  has  formerly,  and  within  the 
human  period,  been  more  extensive  than  at  present,  is  shown : 
1, — by  the  fact  that  the  quahogs  have  evidently  been,  at  one 
time,  more  numerous  and  more  generally  diffused  than  now, 
for  their  shells  are  abundant  in  the  mud,  in  places  where  no 
living  ones  could  be  found  ;  2, — by  the  occurrence  of  oysters, 
in  great  quantities  and  of  large  size,  in  the  ancient  Indian  shell- 
heaps  of  this  region,  and  also  near  Damariscotta,  while  at  pre- 
sent the  oysters  found  there  are  few  and  small ;  8, — by  the 
occurrence  of  the  shells  of  the  quahog,  of  large  size,  in  the  In- 
dian shell-heaps  on  many  of  the  islands  in  Casco  Bay  (these 
heaps  consisting  mainly  of  the  shells  of  the  **  long  clam,"  Mya 
arenaria,  with  a  few  bones  of  fishes,  birds,  and  mammals). 

That  at  a  more  remote  period,  the  marine  climate  of  this 
region  was  still  warmer,*  and  the  southern  species  were  more 
abundant  than  during  the  period  when  the  Indian  shell-heaps 
v^ere  formed,  is  shown  by  the  occurrence  of  great  beds  of 
oyster  shells  a  few  feet  beneath  the  mud  in  Portland  Harbor, 
where  they  are  associated  with  quahogs  and  several  other  south- 
em  species,  among  which  are  iJallista  convexa,  TurboniUa  inter- 
rupta,  and  Pecien  irradians.  The  latter  is  not  known  to  live, 
at  present,  north  of  Cape  Ann,  on  the  New  England  coast  It 
is  absent,  apparently,  from  the  colony  in  the  Gulf  of  St  Law- 
rence, as  well  as  from  that  of  Quahog  Bay.  It  is  very  rare 
north  of  Cape  CoAf 

*  The  evidence  here  given  is  probably  applicable  chiefly  to  the  temperature  of 
the  warmer  months,  or  more  properly  to  the  reproductive  season  of  the  molluaka 
referred  to,  for  the  climatic  distribution  of  most  marine  animals  seems  to  depend 
mainly  on  the  temperature  of  the  season  at  which  reproduction  takes  place. 

f  Willis  includes  this  species  in  his  nominal  list  of  Nova  Scotia  ^Ils,  but 
without  mentioning  the  special  locality.    It  may,  perhaps,  occur  in  some  of  the 

'tered  localities  near  Halifax,  where  another  southern  colony  exists. 
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The  Callista  convexa  is  stiil  found  spanDgly  in  shallow,  shel- 
tered localities  in  Casco  Bay,  and  rarely  at  Eastport,  Ma,  but 
it  is  more  common  in  the  colony  of  the  Gulf  of  St  Lawrence, 
and  very  common  south  of  Cape  Cod.  But  the  oysters  {Ostrea 
Virgintana)  and  "scollops"  {Pecten  irradians)  had  apparently 
become  extinct  in  the  vicinity  of  Portland  Harbor  before  the 
period  of  the  Indian  shell-heaps,  for  neither  of  these  species  occur 
in  the  heaps  on  the  adjacent  islands,  while  the  quahogs  lin- 
gered on  until  that  time,  but  have  subsequently  died  out  every- 
where in  this  region,  except  at  Quahog  Bay.  The  oysters  have 
survived  only  in  the  locality  near  Damariscotta,  though  far  less 
abundant  there  than  during  the  Indian  period. 

The  beds  of  dead  shells  of  oysters,  Pectens,  etc,  were  found 
in  makiDR  excavations  in  the  harW  with  mud-digging  machines. 
These  b^  extend  up  to  or  above  low- water  mark,  and  are  of 
great  extent  Mr.  C.  B.  Fuller,  who  has  made  a  good  collection 
of  these  shells  for  the  Portland  Natural  Historv  Society,  informs 
me  that  the  farmers  have,  in  some  instances,  found  it  profitable 
to  cart  awav  these  ancient  shells  for  fertilizing  purposes.  The 
position  of  these  beds  indicate  that  no  important  change  in 
the  relative  level  of  the  land  and  water  can  have  occurred  in 
that  r^on  since  they  were  formed.  These  beds  are,  of  course, 
easily  distinguished  from  the  much  more  ancient  Post-Pliocene 
deposits  that  occur  abundantly  in  the  same  region,  but  extend 
back  several  miles  from  the  coast,  and  occur  at  all  levels,  from 
low-water  mark  to  about  200  feet  above  high-water  mark.  The 
latter  are  characterized,  in  that  region,  by  a  more  arctic  assem- 
blage of  shells  than  that  now  inhabiting  the  adjacent  waters, 
though  most  of  the  species  still  survive,  in  deep  water,  off  the 
coast  of  Maine 

The  facts  above  presented  indicate :  1, — that  in  the  Post-Plio- 
cene and  Charaplain  periods  the  coast  was  at  a  lower  level,  and 
the  marine  climate  of  Casco  Bay  was  colder  than  at  present, 
probably  about  like  that  of  the  present  Newfoundland  or  Labra- 
dor coast ;  2, — that  at  a  subsequent  period,  when  the  coast  had 
attained  nearly  or  quite  its  present  level,  the  marine  temperature 
was  considerably  higher  than  at  present;  3, — that  the  tempera- 
ture of  these  waters  has  gradually  declined,  but  was  still  some- 
what higher  at  the  period  when  the  Indian  shell-heaps  were 
formed  than  at  present 

That  the  existence  and  character  of  the  southern  colony  in 
the  Gulf  of  Saint  Lawrence  points  to  the  same  conclusion  is  suffi- 
ciently obvious.  The  survival  of  the  southern  species  in  that 
region  is  undoubtedly  due  to  the  great  expanse  of  shallow 
water  in  that  part  of  the  gulf,  which  becomes  well  warmed  up 
by  the  heat  oi  the  sun,  in  summer ;  and  to  the  absence  of  tides 
safficiently  powerful  to  thoroughly  mix  up  the  very  cold  waters 
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of  the  northern  and  deeper  portions  of  the  gulf  with  the  warm 
waters  of  the  southern  part  Tides  like  those  of  the  Bay  of 
Fundy  and  coast  of  Maine  would  undoubtedly  at  once  diminish 
this  contrast  in  the  temperature  of  the  diflPerent  parts  of  the 
gulf,  and  greatly  lessen  the  temperature  of  the  southern  part, 
by  reason  of  the  far  greater  volume  of  the  cold  water. 

The  origin  of  the  southern  species  in  the  gulf  is  a  totally 
different  matter.  I  can  explain  their  presence  there  in  no  other 
way  than  to  suppose  that  they  are  survivors  from  a  time  when 
the  marine  climate  of  the  whole  coast,  from  Cape  Cod  to  Nova 
Scotia  and  the  Bay  of  Fundy,  was  warmer  than  at  present, 
and  these  species  had  a  continuous  range  from  southern  New 
England  to  the  Gulf  of  Saint  Lawrence.  At  that  time  there 
may  have  been  a  direct  shallow  passage  from  the  Bay  of  Fundy 
across  to  the  Gulf  of  Saint  Lawrence,  for  the  land  is  there 
narrow  and  low  ;  but  of  this  we  have  no  direct  evidence.  A 
deep  channel  there  would  act  like  the  Straits  of  Belle  Isle,  and 
admit  the  cold  arctic  current  to  the  coast  of  Maine ;  this  may 
have  been  the  case  in  Post-Pliocene  times. 

The  causes  of  such  changes  in  the  temperature  of  the  water 
may  have  been  entirely  local,  and  due  to  changes  in  the  relative 
level  of  the  land  and  water,  in  adjacent  r^ons.  Thus  a  rise 
of  the  land  in  the  region  of  Saint  George's  Bank,  to  the  extent 
of  250  feet,  would  produce  an  island  quite  as  large  as  the  State 
of  Massachusetts,  and  would  thus  very  materially  alter  the  cli- 
matic conditions  of  the  "Gulf  of  Maine,"  between  it  and  the 
New  England  coast.  And  it  would  add  a  great  body  of  land, 
now  represented  by  Le  Have  Bank,  etc.,  to  the  southern  part 
of  Nova  Scotia,  and  thus  greatly  narrow  the  channel  between 
those  banks  and  St.  George  s,  as  well  as  make  it  more  shallow ; 
this  would  doubtless  greatly  modify  the  tides,  and  greatly 
diminish  their  force  and  height  on  the  coasts  of  northern  New 
England,  and  in  the  Bay  of  Fundy,  for  the  "Gulf  of  Maine'' 
would  then  have  much  resemblance  to  the  Gulf  of  Saint  Law- 
rence in  form,  and  in  the  character  and  position  of  its  main 
channel,  and,  therefore,  its  tides  would  also  be  similar;  the 
small  tides  would  allow  greater  diflFerences  between  the  tem- 
peratures of  the  shallow  waters  and  deep  waters,  and  would 
thus  favor  the  southern  species  inhabiting  shallow  water.  A 
rise  of  the  land,  of  about  the  same  amount,  in  the  region  of 
Newfoundland,  would  lay  bare  a  great  part  of  the  Grand TSanks, 
close  up  the  Straits  of  Belle  Isle,  and  more  than  double  the 
size  of  Newfoundland,  which  would  doubtless  produce  great 
climatic  changes  on  the  New  England  coast,  as  Professor  Dana 
has  suggested. 

[To  be  continued.] 
Ebratum. — ^p.  134,  for  EuroM^hinx  read  Orotalphmx. 
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SCIENTIFIC    INTELLIGENCE. 
L  Chemistry  and  Physics. 

1.  On  the  Amount  of  Carbonic  ga^  in  the  Atmosphere, — 
Truchot  has  recently  made  a  series  of  determinations  of  the 
amount  of  carbonic  gas  in  the  atmosphere.  His  method  of  analy- 
sis consisted  in  passing  a  known  volume  of  air  through  a  gradu- 
ated solution  of  oarium  hydrate,  allowing  the  barium  carbonate 
to  deposit,  and  re-titring  the  solution.  He  finds:  1st,  that  at 
Clermont-Ferrand,  where  the  experiments  were  made,  the  propor- 
tion of  carbonic  gas  is  a  little  greater  during  the  night  than  in 
the  daytime ;  a  fact  confirmatory  of  the  observations  of  Saussure 
and  Boussingault.  2d,  that  the  proportion  is  not  sensibly  greater 
in  the  city  than  in  the  open  country.  3d,  that  in  the  vicinity  of 
green-leaved  plants,  the  quantity  of  carbonic  gas  varies  notably, 
according  as  the  green  parts  are  exposed  to  full  sunlight,  to  dif- 
fused light  or  are  in  the  shade;  the  amounts  being  d'54,  4*15  and 
6 '49  parts  in  10,000  of  air.  4th,  that  the  general  mean  is  0*814 
milligram  of  carbonic  gas  to  the  liter  of  air,  or  4*09  parts  in 
10,000  ;  a  number  very  near  that  usually  received.  6th,  that  the 
{^oportion  of  carbonic  gas  diminishes  with  the  altitude,  thus  : 

Station.  Altitude. 


Wt.  00, 

Vols,  of  00, 

to  the  liter. 

in  10,000  of  air. 

0"623™« 

313 

0-405 

2-03 

0-342 

1-72 

Clermont-Ferrand,  396°» 

Puy-de-D6me,  1446 

Pic-de-Sancy,  1881 

—  C.  R.,  Ixxvii,  676.    Bull.  Sac.  Ch,,  H,  xx,  494,  Dec,  1873.  g.  f.  b. 

2.  On  Hydrogen  Arsenide — Janowsky  has  made  some  experi- 
ments upon  the  decomposition  of  hydrogen  arsenide.  He  pre- 
pared the  gas  from  sodium  arsenide  by  the  action  of  water,  or 
preferably  of  very  dilute  acids ;  the  sodium  arsenide  itself  being 
prepared  by  heating  sodium  in  hydrogen  arsenide  obtained  from 
arseniferous  zinc.  W  hen  passed  through  phosphorous  chloride  in 
the  cold,  a  red-brown  powder  of  arsenous  phosphide  is  thrown 
down,  formed  as  follows : 

PCl3-fAsH3=(HCl)3+PAs. 

This  substance,  separated  from  the  liquid  and  dried  in  a  current 
of  carbonic  gas  at  70°  to  80^  C,  is  a  dark  red-brown  lusterless 
powder,  containing  70*53  per  cent  of  arsenic  and  29-11  percent 
of  phosphorus.  Water  decomposes  it,  yielding  a  substance  hav- 
ing the  formula  AsgPgOg.  It  is  insoluble  in  alcohol,  ether  and 
cliloroform,  and  in  sulphuric  and  hydrochloric  acids.  CSg  dis- 
solves it  in  small  quantity.  By  nitric  acid,  it  is  oxidized  to 
arsenic  and  phosphoric  acids.  Alkali-hydrates  decompose  it,  pro- 
ducing hydrogen  phosphide  and  arseniae,  arsenite  and  phosphite 
and  metallic  arsenic.  It  bums  in  the  air,  yielding  phosphoric  and 
arsenic  sicids.  In  close  vessels,  it  decomposes  on  heating,  into 
phosphorus  and  arsenic,  which  sublime.     The  author  also  observes 
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that  hydrogen  arsenide  is  decomposed  both  by  conoentrated  sal- 
phuric  and  hydrochloric  acids,  dep>siting,  not  a  solid  hydrogen 
arsenide,  but  arsenic  itself,  and  evolving  in  the  case  of  the'  former, 
sulphurous  acid.  In  contact  with  arsenoos  chloride,  hydrogen 
arsenide  is  decomposed,  yielding  metallic  arsenic  and  hydrochloric 

acid,  thus :  AsCl,+AsH3=(HCl)3+AsAs. 

Hence  the  author's  inference,  that  the  attraction  of  the  two 
arsenic  atoms  for  each  other  is  greater  than  their  attraction  for 
the  chlorine  and  hydrogen  atoms  respectively.  Finally,  on  treat- 
ing sodium  arsenide  with  water,  gaseous  hydrogen  arsenide  is 
abundantly  evolved,  and  a  brown  velvet-like  residue  is  left,  which 
gave  on  analysis  the  formula  AsH. — Ber.  BerL  Chem,  Oes.^  vi, 
216,  1873.  G.  p.  B. 

3.  On  the  Sensitiveness  of  silver  bromide  to  the  sq-ccUled  Chem- 
icaUy  Inactive  rays, — It  is  well  known  that  with  ordinary  silver 
plates  the  chemically  active  portion  of  light  is  the  violet  or  ultra- 
violet. Tested  in  the  spectrum,  this  portion  extends  only  as  far 
as  the  line  E  in  the  green.  Vogel  has  now  discovered  the  remark- 
able fact  that  by  suitable  treatment,  silver  plates  may  be  rendered 
sensitive  to  any  of  the  rays  of  the  spectrum  at  pleasure,  even  to 
the  red.  His  attention  was  called  to  this  subject  by  observing 
that  some  dry  plates,  prepared  with  silver  bromide,  received  from 
Wortley  in  England,  were  more  sensitive  to  the  green  rays,  near 
the  line  E,  than  to  the  bright  blue,  near  the  line  F.  This  led  to 
an  investigation  into  the  sensitiveness  of  silver  bromide  to  the 
various  colors  of  the  spectnun.  This  spectrum  was  produced  by 
a  direct-vision  prism,  receiving  its  light  from  a  slit  0*25™°*  wide, 
illuminated  with  sunlight  from  a  Foucault's  heliostat.  The  image 
was  produced  by  a  Steinheil's  camera  lens,  the  portion  of  the 
spectrum  from  D  to  G  being  36"""  in  length.  The  experiments 
were  all  made  from  11  to  2  o'clock  in  the  day  and  during  a  cloud- 
less sky.  The  time  of  exposure  was  generally  ten  minutes,  and 
the  plates  were  developed  with  solution  of  ferrous  sulphate. 
It  was  at  once  observed  that  the  bromide  was  sensitive  to  rays 
beyond  the  line  F,  rather  than  short  of  it,  as  had  been  supposed. 
Moreover,  while  wet  plates,  with  an  acid  developer,  were  found  to 
be  sensitive  to  rays  extending  nearly  to  the  yellow  (to  between  D 
and  E),  dry  plates  were  affected  by  rays  two  millimeters  beyond 
D ;  L  e.,  rays  in  the  orange.  In  the  former  case,  the  most  intense 
action  took  place  between  G  and  F ;  diminishing  rapidly  beyond 
F  toward  E.  In  the  latter,  thoui^h  the  action  in  the  blue  was 
much  weaker,  its  decrease  w\i8  much  less  rapid.  The  author  con- 
cludes from  this  that  dry  silver  bromide  is  the  more  delicate  for 
the  less  refrangible,  wet  silver  bromide  the  more  delicate  for  the 
more  refrangible  rays.  In  all  the  dry  plates  prepared  by  him, 
however,  no  such  increase  of  sensitiveness  from  the  blue  toward 
the  green  was  shown  as  was  exliibited  by  the  English  dry  plates 
above  mentioned.  In  casting  about  for  a  reason  for  this,  the 
common  explanation  of  the  use  of  a  silver  solution  as  a  sensitizer, 
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I  e.,  that  since  the  action  takes  place  principally  in  the  hlue,  this 
solution  acts  by  absorbing  the  blue  rays — occurred  to  him,  and  he 
concluded  that  the  Engnsh  plates  must  contain  some  substance 
which  absorbed  green  light  more  strongly  than  blue.  Upon 
examination,  the  Wortley  plates  were  found  to  contain  uramum 
nitrate,  gum,  gallic  acid,  and  a  yellow  coloring  matter  as  a  protec- 
tive. Upon  removing  this  yellow  coating  the  plates  were  found 
to  be  no  longer  sensitive  to  the  green  rays.  Vogel  now  directed 
his  experiments  to  obtain  a  material  with  which  to  impregnate  the 
silver  bromide,  which,  while  uniting,  like  the  silver  solution,  with 
the  iodine  or  bromine  set  free  in  the  action,  should  at  the  same 
time  absorb  strongly  the  yellow  ravs  and  thereby  increase  the 
sensitiveness  of  the  silver  bromide  K)r  yellow.  Such  a  substance 
he  found  in  corallin,  the  solution  of  which  showed  a  strong  band 
at  D  in  its  absorption  spectrum,  while  at  the  same  time,  it  trans- 
mitted considerable  blue  light.  Dissolving  the  corallin  in  alco- 
hol, he  added  it  to  his  collodion  until  it  was  colored  strongly  red. 
Plates  prepared  with  this  collodion  were  found  to  be  sensitive  to 
the  indigo  rays ;  but  the  sensitiveness  decreased  toward  the  blue, 
was  weaK  at  F,  and  increased  again  in  the  green,  becoming  in  the 
yellow  cUmost  <zs  great  as  in  the  indigo/  In  corallin  therefore 
we  have  a  substance  by  means  of  which  a  color,  yellow,  hitherto 
considered  chemically  inactive,  may  be  made  as  effective  photo- 
graphically as  the  indigo  itsell  Extending  his  investigations, 
Vogel  observed  that  the  green  aniline  colors,  which  absorb  the 
red  rays  between  D  and  C,  render  sensitive  a  silver  bromide-collo- 
dion, even  to  the  red  rays.  The  sensitiveness  decreases  from  the 
indigo  to  the  yellow,  then  increases  again,  attaining  its  maximum 
at  the  precise  point  where  the  absorption  band  is  sitniated.  The 
author  believes  therefore  that  bromide  of  silver  may  be  made 
sensitive  to  any  color  at  will  and  suggests  that  it  may  be  as  possi- 
ble to  photograph  the  ultra-red  as  the  ultra-violet  spectrum.  At 
all  events,  he  pnotographed  a  blue  band  on  a  yellow  ground, 
obtaining  in  the  picture  a  dark  band  on  a  light  ground.  Sensi- 
tiveness to  light  m  a  plate  is  dependent,  consequently,  not  only 
upon  the  absorptive  power  of  the  silver  salt  itself,  but  also  upon 
that  of  the  substances  with  which  it  may  be  mixed. — £er.  JBerl, 
Chem.  Ges.^  vi,  1302,  Nov.,  1873.  g.  f.  b. 

4.  On  the  Existence  of  Chromium  dioxide. — Hintz  has  investi- 
gated, in  the  laboratory  of  Dr.  Lothar  Meyer,  the  methods  of 
preparation  and  properties  of  chromium  dioxide.  He  used :  (1) 
Vanquelin  and  Brandenburg's  method,  decomposing  chromic 
nitrate  by  heat.  The  result  contained  too  little  oxygen.  (2) 
Kopp's  method,  by  the  action  of  chromic  acid  on  chromic  hydrate. 
(3)  DObereiner's,  by  heating  chromic  acid ;  the  product  was  not 
uniform.  (4)  By  heating  chromic  hydrate  with  free  access  of  air. 
Result  unsatisfactory.  (6)  Schweitzer's  method,  by  passing  nitro- 
gen dioxide  gas  into  a  moderately  dilute  solution  of  potassium 
diehromate;  product  was  a  brown  hydrate.  (6)  Schiff's  method, 
by  the  action  of  chloride  of  lime  on  chromic  hydrate ;  no  result. 
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The  product  by  Schweitzer's  method — the  fifth  above  given — 
when  dried  at  260*  till  the  weight  is  constant,  approaches  very 
near  to  the  composition  of  chromium  dioxide.  It  is  a  fine  deep 
black  very  hygroscopic  powder,  forming  a  dark  red-brown  hy- 
drate. Chlorine  has  scarcely  any  action  upon  it  even  at  2i)0°. 
Hydrogen  chloride  gas  acts  only  very  slightly,  evolving  water 
and  chlorine  and  forming  the  violet  chloride.  Black  chromium 
dioxide  is  therefore  an  extraordinarily  indifferent  body,  essentially 
different  in  this  respect  from  molybdic  oxide.  This  suggests 
that  instead  of  being  a  simple  oxide  CrOg,  it  may  belong  to  the 
so-called  saline  oxides,  Cr^ 03,0105. — Ann,  Chenu  Pharm.^  clxix, 
367,  Oct.,  1873.  G.  F.  B. 

5.  M.  Stefan  has  conducted  a  senes  of  experimenU  on  the 
evaporation  of  volatile  liquids^  eepeeiaUi/  ether.  Such  experi- 
ments have  hitherto  led  to  no  results  expressible  in  the  form  of 
laws.  '^The  conditions  under  which  they  were  made  were  not 
simple  enough  ;  yet  they  were  sufficiently  varied.  The  science  of 
evaporation,  especially  of  the  diffusion  of  vapors,  remained  an 
unoccupied  field. 

In  the  following  experiments,  to  avoid  the  great  lowering  of  the 
temperature  at  the  surface,  narrow  tubes  were  chosen  for  evapo- 
rating vessels,  instead  of  the  wide  vessels  hitherto  used. 

(1.)  The  velocity  of  the  evaporation  of  a  liquid  from  a  tube  is 
inversely  proportional  to  the  aistance  of  the  level  of  the  liquid 
from  the  open  end  of  the  tube.  This  law  holds  with  rigorous 
exactness  when  the  distance  of  the  level  a  little  exceeds  10"*'*^. 

(2.)  The  velocity  of  the  evaporation  is  independent  of  the  diame- 
ter of  the  tube.  This  result  was  obtained  from  experiments  with 
tubes  the  diameter  of  which  varied  from  0'3'"™  to  8""°, 

(3.)  The  velocity  of  the  evaporation  increases  with  the  tempera- 
ture, so  far  as  with  this  the  vapor-pressure  of  the  liquid  rises.  If 
p  be  the  maximum  of  elasticity  of  the  vapor  corresponding  to  the 
temperature  of  the  observation,  P  the  atmospheric  pressure 
under  which  the  liquid  evaporates,  the  velocity  of  the  evap<:)ra- 
tion  is  proportional  to  the  logarithm  of  a  fraciion  of  which  P  is 
the  numerator  and  P-/>  the  denominator.  If  the  pressure  of  the 
vapor  becomes  equal  to  that  of  the  air,  this  logarithm  becomes 
innnitely  great,  and  signifies  that  under  this  condition  the  liquid 
boils. 

Experiments  were  also  made  on  evaporation  in  closed  tubes. 

If  tlie  open  end  of  a  tube,  the  other  end  of  which  is  closed,  be 
dipped  in  ether,  bubliles  form  and  issue  continually  from  the  tube, 
and  at  first  the  times  in  which  successively  equal  iuiml)ers  of 
bubbles  form,  are  proportional  to  the  odd  numbers. 

If  the  immersed  tube  contains  hydrogen  instead  of  air,  the  same 
number  of  bubbles  form  in  one-fourth  of  the  time.  Evaporation 
proceeds  in  hydrot^en,  therefore,  four  times  as  rapidly  as  in  air. 

The  same  result  was  also  furnished  by  an  experiment  in  which 
a  liquid  can  be  evaporated  in  an  open  tube  in  various  gases.  It 
consists  of  a  T-shaped  glass  tube,  through  the  horizontal  cross- 
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piece  of  which  a  continual  current  of  the  gas  is  conducted,  while 
the  liquid  to  be  evaporated  enters  the  vertical  arm* 

If  a  tube  provided  with  a  cock  be  dipped  with  the  cock  open 
in  ether,  the  level  of  the  liquid  within  tne  tube  will  sink  below 
that  outside ;  and  at  first  the  depths  to  which  the  interior  level 
sinks  below  the  exterior  in  definite  times  are  as  the  square  roots 
of  those  times. — Philos,  Mag.^  xlvi,  483.  e.  c.  p. 

6.  l*rof.  ViLLARi  has  measured  the  time  required  by  flint  glass  to 
change  its  magnetic  condition^  or  to  rotate  the  plane  of  polariza- 
tion. A  beam  of  polarized  light  was  passed  through  the  poles  of 
a  powerful  electro-magnet  and  a  glass  cylinder  interposed,  which 
acted  like  a  cylindrical  lens.  This  cylinder  could  then  be  turned 
end  over  end  with  any  desired  velocity.  When  not  magnetized, 
it  of  course  produced  no  effect  on  the  plane  of  polarization  whether 
in  motion  or  not.  But  when  caused  to  revolve  rapidly,  the  angle 
through  which  it  turned  the  plane  of  polarization  was  con- 
siderably diminished,  since  in  each  revolution  it  remained  in  the 
axial  direction  too  short  a  time  to  acquire  its  full  magnetic  po- 
larity. To  impart  sufficient  diamagnetic  intensity  to  be  perceptible 
by  the  change  of  plane,  at  least  '0012"  was  required;  while  to 
produce  the  complete  effect,  0024"  was  necessary. — Pogg,  An- 
nalen^  No.  Y,  1873.  e.  c.  p. 

7.  M.  E.  DucHEMER  addresses  a  note  to  the  French  Academy, 
in  which  he  claims  that  a  circular  compels  fteedle  possesses  the 
following  advantages  over  the  usual  form : 

Ist.  A  magnetic  power,  for  a  given  diameter,  double  that  of  a 
needle  whose  length  is  equal  to  this  diameter. 

2d.  The  existence  of  two  neutral  points  instead  of  one,  which 
has  the  effect  of  maintaining  the  position  of  the  two  poles  con- 
stant ;  the  magnetism  seems  to  be  so  energetically  preserved,  that 
even  the  strongest  sparks  of  a  Holtz  machine  do  not  cause  any 
displacement  of  the  poles  of  the  magnet. 

yd.  A  more  satisfactory  means  of  suspending  the  magnet  when 
it  is  well  mounted  and  balanced  by  a  plate  of  agate ;  it  seems 
then  to  move  as  if  placed  in  a  liquid. 

4th.  An  increase  in  sensibility  of  the  magnet  proportional  to 
its  diameter. 

5th.  The  possibility  of  neutralizing  the  magnetism  of  the  vessel 
by  means  of  a  second  magnetic  circle,  changing  the  position  by 
an  amount  calculated  beforehand,  and  thus  permitting  the  (K)m- 
pensation  of  the  compass  before  the  sailing  of  the  vessel  This 
idea  was  suggested  by  Capt.  D.  Venie. —  Cotnptes  liendus^  Ixxvii, 
890.  *  E.  c.  P. 

8.  Dr.  J.  B.  Sanderson  presented  a  note  to  the  Royal  Society 
on  the  electrical  phenomena  which  ctccompany  irritation  of  the 
leafof  Diorhwa  muscipula. 

When  the  opposite  ends  of  the  living  leaf  of  this  plant  are 
placed  as  non-polarizable  electrodes  and  connected  with  the 
terminals  of  a  Thomson's  galvanometer,  a  deflection  is  produced 
which  indicates  a  current  from  the  proximal  to  the  distal  end  of 
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the  leaf.  This  current  he  calls  the  normal  leaf-current.  If, 
instead,  the  leaf  stalk  is  placed  on  the  electrodes  (the  leaf  remain- 
ing united  to  it)  in  such  a  way  that  the  extreme  end  of  the  stalk 
rests  on  one  electrode,  and  a  part  of  the  stalk  at  a  certain  dis- 
tance from  the  leaf  on  the  other,  a  current,  called  a  stalk-current, 
is  indicated,  opposed  to  that  in  the  leaf.  To  show  these  currents, 
it  is  not  necessary  to  expose  any  cut  surface  to  the  electrodes. 

In  a  leaf  with  the  petiole  attached,  the  strength  of  the  current 
increases  as  the  length  of  the  petiole  diminishes.  Thus,  a  leaf 
with  a  petiole  an  inch  long  gave  a  deflection  of  40  divisions,  and 
by  successively  reducing  its  length  one-half,  this  deflection  was 
increased  to  60,  66,  90  and  120.  Partially  severing  the  leaf  gave 
the  same  result  as  if  it  was  completely  cut  off 

If  the  leaf  is  placed  on  the  electrodes  as  before,  on  introducing 
the  petiole  into  the  circuit  of  a  small  Daniell,  the  deflection  is 
increased  when  the  current  passes  down  the  petiole,  that  is,  from 
the  leaf.     On  reversing  the  current  the  deflection  is  diminished. 

If,  the  leaf  being  so  placed  that  the  normal  leaf^^urrent  is 
indicated  by  a  deflection  to  the  left,  a  fly  is  allowed  to  creep  into 
it,  it  is  observed  that  the  moment  the  fly  reaches  the  interior  (so 
as  to  touch  the  sensitive  hairs  on  the  upper  surface  of  the  lamina) 
the  needle  swings  to  the  right,  the  leaf  at  the  same  time  closing 
on  the  fly. 

The  fly  having  been  caught  does  not  remain  quiet,  and  each 
time  it  moves,  the  needle  again  swings  to  the  right,  always  com- 
ing to  rest  in  a  position  somewhat  farther  to  the  left  than  before, 
and  then  slowly  resuming  its  previous  position. 

The  same  effects  are  observed  in  touching  the  sensitive  parts  of 
the  still  open  leaf  with  a  catners-hair  pencil,  or  pinching  the  closed 
leaf  ^^'^th  a  pair  of  forceps. 

Placing  the  leaf-stalk  and  leaf  on  the  electrodes  as  before,  the 
stalk  current  is  seen  to  be  increased,  whenever  the  leaf  is  irntated 
as  above. 

If  the  open  leaf  having  been  placed  on  the  electrodes,  one  of 
the  concave  surfaces  is  pierced  with  a  pair  of  platinum  needles 
connected  with  the  secondary  coil  of  a  Dubois  Kaymond  induc- 
tion apparatus,  it  is  observed  that  when  the  circuit  is  closed  the 
needle  swings  to  the  right,  as  when  irritated  mechanically.  No 
difference  is  observed  when  the  induced  current  is  reversed. 
The  observation  may  be  repeated  any  number  of  times,  but  no 
effect  is  ])rodnced  unless  an  interval  of  from  ten  to  twenty  seconds 
has  elapsed  since  tlie  precediuijj  irritation. 

If  the  part  of  the  concave  surface  of  the  leaf  nearest  the  petiole 
is  excited,  the  swing  to  the  right  is  always  preceded  by  a  momen- 
tary jerk  of  the  needle  to  the  left.  This  effect  cannot  be  produced 
by  irritatiuLC  any  other  part  of  the  concave  surface  of  the  leaf. 

An  interval  of  from  a  quarter  to  a  third  of  a  second  always 
intervenes  between  the  act  of  irritation  and  the  negative  varia- 
tion.— A^aturCy  ix,  75.  e.  c.  p. 
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IL  Geology  akd  Natural  History. 

1.  Volcanic  Energy:  an  attempt  to  develop  its  true  Origin  and 
Cosmical  ReUitions ;  by  Robert  Mallet,  A.M.  F.R.S.,  etc. — 
This  important  paper  is  now  published  in  full  in  the  Journal  of  the 
Royal  Society,  having  been  read  in  abstract  June  20,  1872. 

The  author  accepts  in  general  Sir  W.  Thomson's  view,  that  plu- 
tonic  action  or  " V ulcanicity  "  results  from  the  dissipation  of 
energy  in  the  shape  of  terrestrial  heat.  Setting  aside  as  untena- 
ble, upon  the  basis  of  observed  facts,  all  other  hypotheses,  he 
develops  the  idea  first  distinctly  expressed  by  Constant  Prevost, 
that  elevation,  folding  and  crushing  of  strata  is  the  result  of  tan- 
gential pressure,  originating  in  the  contraction  of  the  earth's  crust 
by  secular  refrigeration ;  considering  the  latter,  as  well  as  the  gen- 
eral increase  of  temperature,  with  depth,  as  facts  sufficiently 
established. 

Assuming  that  in  consequence  of  the  viscosity  of  the  cooling 
materials,  the  temperature  would,  after  a  certain  epoch,  always  have 
been  highest  near  the  center  of  the  mass ;  and  that  a  crust  began 
to  form  at  the  poles,  advancing  in  hemispherical  sheets  toward  the 
equator,  he  argues  that  tangential  pressures  caused  in  the  thin,  hot 
crust  by  contraction,  would ^r«<  be  met  by  the  formation  of  wrin- 
kles ;  the  crust,  even  if  dislocated,  remaining  at  the  surface  by  vir- 
tue of  the  thick  viscous  couche  beneath,  and  not  sinking  into  the 
latter,  still  less  to  the  hot  central  portion.  After  the  crust  had 
thickened  still  further,  the  rapid  contraction  may  reasonably  be 
conjectured  to  have  resulted  in  the  rough  outlining  of  our  present 
seas  and  continents,  by  deformation.  The  sudden  contrary  flex- 
ures at  the  junctions  of  the  continents  and  sea-basins  initiated  lines 
of  weakness  in  the  early  crust.  During  a  third  period,  the  crust 
becoming  still  thicker  and  more  indurated,  and  the  viscous  bed 
beneath  greatly  thickened,  so  as  to  cut  off  convection ;  the  former 
became  capable  of  transmitting  tangential  stresses  within  itself, 
and  began  to  corrugate  and  double  upon  itself,  elevating  mountain 
chains  along  the  lines  of  weakness,  and  extruding  rocks,  now  form- 
ing dykes  and  intrusions.  Lastly,  during  a  fourth  period,  of  a 
gn»atly  thickened  and  stiffened  crust,  and  slow  rate  of  cooling, 
beean  that  balance  and  play  of  forces,  the  effects  of  which  are  now 
recognized  as  volcanic. 

Vulcanicity  may,  according  to  the  author's  view,  be  thus  defined : 
"The  heat  from  which  terrestrial  volcanic  energy  is  at  present 
derived  is  produced  locally  within  the  solid  shell  of  our  globe,  by 
transformation  of  the  mechanical  work  of  pressure,  or  of  crushing 
of  portions  of  that  shell ;  which  compressions  and  crushings  are 
produced  by  the  more  rapid  contraction,  by  cooling, of  the  hotter 
material  of  the  nucleus  beneath  that  shell,  and  the  consequent 
more  or  less  free  descent  of  the  shell  by  gravitation ;  the  vertical 
work  of  which  is  resolved  into  tangential  pressures,  and  motion, 
within  the  thickness  of  that  shell." 
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I 

^1  mainly  three  points,  viz:  1.  Evolution  of  Ecat  by  compreBsi 

:  ^1  rocks    within    the   limits  of  elasticity ;  2.  Friction,  by  slid! 

^H  beds,  or  planes  of  fracture  apon  each  other ;  3.  Kock  crui 

These,  acting  severally  or  jointly,  and  more  or  leas  localised 

vertically  and  horizontally,  are  adequate  to  explain,  not  onl 

irregularities  observed  in  the  increase  of  temperature,  but 

acting  in  the  presence  of  water,  constitute  also  an  adequate 

of  vulcanicity.     "To  prove  this  it  is  necessary  to  show,  Ist 

the  gravitatiou  of  the  unsupported  shell  is  adequate  to  cruHt 

powder  all  the  materials  of  which  it  consists,  no  matter  how 

the  shell  may  be,  unless  equal  to  the  radius;  2d.  What  i 

total  amouDt  of  contraction  of  materials  analogous  to  the 

of  the  solid  shell,  between  the  temperature  of  fusion  (or  one  : 

^  it)  and  that  or  our  atmosphere  now  ;  3d.  What  is  the  mean 

per  unit  of  weight  and  volume  uecessarily  expended  in  cru 

to  powder  the  rocliH  of  which  the  solid  shell  consists,  and  w 

the  amount  of  heat  due  to  the  transformation  of  such  work.' 

J,  Concerning  the  first  point.  Mallet  deduces  from  Icnown  dat 

l"  assumed  conditions  lai^ely  within  the  limits  of  probable  ma 

.!'  that  in  an    unsupported  shell,  the  crushing  foi-ce  by  horis 

°  thrust  would  exceed  at  least  42S  times  tliut  required  for  cm 

£;  (a  fiee  cube  of)  the  hardest  known  rocks ;  aud  that  no  proct 

^  possible  conditions  will  suffice  to  prevent  crushing  under  sucli 

,      <  suies.     He  then  proceeds  to  investigate  experimentally  the 

1^  tion  as  to  the  amount  of  heat  produced  by  rock-crushing 

fc  whether  that  amount  be  sufficient  to  account  for  existing  vo 

phenomena.     Having  tested  bv  preliminary  experiments  thi 

rcctuess  of  Ilirn's  statement,  that  in  cmshing  very  inelastic  b 

the  heat  evolved  is  almost  precisely  the  equivalent  of  the 

e.xpendcd  in  deformation,  he  crushes  a  series  of  cubes  (1^ 

square)  of  different  rocks,  from  soft  oOlite  through  limestone 

sandstones  to  granite  and  porphyry,  in  the  testing  machim 

I  signed  by  Kamsbottom)  of  the  Ueeve  Locomotive  Works; 

Srecaution  being  taken  to  insure  accuracy.  The  pressures  at 
isintegr.it  I  on  commenced,  and  those  at  which  the  final  crush' 
to  powder  occurred,  were  noted,  as  well  as  the  distance  tli; 
which  the  crushing  plunger  had  descended  at  either  point, 
elevation  of  temperature  by  crushing  was  in  all  cases  very  p 
tible,  and  in  those  of  the  harder  rocks  very  considerable.  I 
not  directly  determined,  but  calculated  by  the  aid  of  Joule's  i 
alent  numljer,  and  the  (known  or  re-determined)  specific  heal 
gravities  of  the  rocks. 

From  the  elaborate  table  in  which  these  results  are  give 
discussed,  it  appears  that   the  mean   work  expended  in  cm 
.  one   cubic   foot    of  the    rocks    experimented    upon,    varied 

\t\  265,951'39  footpounds  for  oO lite,  to  5,653,722  in  gray  Gm 

IHjl  granite,  the  corresponding  increase  of  temperature  being  re 

|H|  ivoiy  8-(i04*  and  21J-24°  F.     Upon  the  basis  of  his  experii 

^^1  and  of  generiil  considerations,  he  obtains  for  the  "  mean  roi 

^^^L^^^^      the  first  100  miles  of  crust,  the  following  data: 
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British  heat-units  per  cub.  foot  of  rock  crushed, ==    6472 

Temperature  Fahr.  to  which  it  is  raised, =zl83'74 

Cub.  foot  of  rock  at  300°  F.,  fusible  at  3,000°  by  crush- 
ing 1  cub.  foot  of  mean  rock, =  0108 

the  liquefaction  of  one  cubic  foot  of  ice  at  32°  being  equivalent 
to  the  crushing  work  of  1*277  cubic  foot  of  mean  rock. 

Passing  to  the  question  of  the  total  contraction  of  fused  min- 
eral masses,  Mallet  shows  the  unreliability  of  the  experiments 
heretofore  made  on  the  subject  by  Bischof,  Forbes  and  others. 
His  own  experiments  were  made  by  casting  iron-furnace  slag, 
very  similar  in  composition  to  basalts,  in  very  large  and  thick 
hollow  iron  cones,  open  at  both  ends,  but  placed  upon  iron  bed 
plates.  The  cones  were  seen  full  of  liquid  slag  of  about  3680°  F., 
and  its  volume  accurately  measured  at  the  moment  when  a  self- 
supporting  crust  had  fonned  all  around,  at  a  temperature  of  about 
3,0C0*.  The  slag  cones  were  again  measured,  after  cooling,  at  63° 
F. ;  and  the  results  deduced,  with  many  precautions  and  correc- 
tions, are  these : 

Mean  coefficient  of  contraction  from  fluidity  to  solidification, 

3680°  to  3000°  F.  =  0-98'2-0 
3680°  to  53°  0-932-76 

which  is  about  6  per  cent,  against  20-25,  as  determined  by 
Bischof. 

The  earth's  diameter  being  at  present  7,916  miles,  it  must  have 
been  when  liquid  =8,105  miles,  having  shrunk  by  189  miles  at 
least.  This  represents  more  than  the  work  of  a  shell  of  94  J  miles 
thick,  falling  through  47  miles. 

As  for  the  present  rate  of  cooling,  whichever  of  the  coefficients 
usually  given  we  adopt,  the  annual  loss  cannot  be  less  than  575 
to  777  cubic  miles  oi  ice  melted  to  water  at  32°.  If  the  total 
amount  annually  lost  were  produced  by  rock-crushing,  it  would  take 
987  cubic  miles  of  crushed  rock.  But  doubtless  by  far  the  greater 
part  reaches  the  surface  from  a  cooling  nucleus,  and  but  a  small 
portion  is  manifested  as  vulcanicity.  Upon  an  estimate  of  the 
entire  mass  of  volcanic  cones  known.  Mallet  comes  to  the  conclu- 
sion that  7,200  cubic  miles  of  crushed  rock  would  have  sufficed 
(thermally)  to  produce  them ;  which  amount  represents  the  loss 
of  heat  for  eignt  years  only,  whereas  the  actual  period  of  time 
elapsed  during  their  production  is  immense. 

Having  proved  that  the  crushing  of  the  earth's  solid  crust 
affords  a  supply  of  energy  sufficient  to  accoimt  for  terrestrial  vul- 
canicity, and  that  the  necessary  amount  of  crushing  falls  within 
the  limits  that  may  be  admitted  as  due  to  terrestrial  contraction 
by  secular  refrigeration,  Mallet  proceeds  to  discuss  the  potent 
reasons  leading  to  the  assumption  of  a  thick  crust,  and  the  inad- 
missibility of  either  supposing  water  to  reach  the  liquid  nucleus 
from  the  surface,  or  that  the  fused  materials  of  that  nucleus  could 
be  forced  up  through  such  enormous  distances.  The  yielding  of 
the  crust  to  contraction  will  naturally  be,  not  continuous,  but  per 
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acUCum^  and  more  or  less  localized  along  lines  of  especial  weakness, 
at  points  constantly  displaced  by  these  very  acts.  The  effects 
are  therefore  irregularly  intermittent,  and  non-periodic;  as  are 
volcanic  eruptions  and  earthquakes.  The  linear  arrangement  of 
volcanoes,  and  their  general  parallelism  to  great  mountain  chains, 
thus  also  finds  its  natural  explanation.  The  volcano  is  a  safety 
valve  for  the  earthquake,  in  so  far  as  its  activitv  prevents  the 
accumulation  of  virtual  energy,  to  the  extent  tnat  on  sudden 
yielding,  widely  destructive  cataclysms  would  ensue. 

A  parallel  train  of  reasoning  applied  to  the  moon  at  once  ex- 
plains its  apparent  present  condition.  If  vulcanicity  be  depend- 
ent upon  secular  cooling,  then  the  smaller  the  planet,  the  more 
intense  should  be  volcanic  energy,  and  the  briefer  its  duration. 

If,  then,  the  cause  assigned  is  adequate,  and  all  parts  of  the 
theory  fit  together  with  the  facts,  the  author  submits  that  the 
theory  may  be  regarded  as  a  true  interpretation  of  Nature. 

S.    W.  H. 

2.  Geology  of  the  Cobeqttid  Mountains^  Nova  Scotia  :  by  D. 
HoNEYMAN.  (From  the  Proceedings  of  the  Nova  Scotia  Insti- 
tute of  Natural  Science.) — The  railway  opens  up  in  a  beautiful 
manner  the  geological  structure  of  the  Gobequid  mountains.  The 
most  instructive  part  of  the  section  is  that  which  traverses  the 
mountains  on  the  Cumberland  side  of  the  county  line.  The  cen- 
tral or  syenitic  formation  extends  along  the  line  of  railway  a  dis- 
tance of  24,000  feet;  of  this  12,900  feet  is  in  the  county  of  (Cum- 
berland. On  either  side  of  this  is  the  Lower  Silurian.  On  the 
Colchester  side  this  formation  has  its  largest  development,  hav- 
ing a  width  of  10,400  feet.  On  the  Cumberland  side  the  width 
is  8,800  feet.  This  is  a  fact  of  possible  economic  importance.  It 
is  a  great  metalliferous,  as  well  as  marble-containing  series.  This 
is  the  first  time  that  this  formation  has  been  distinctly  recognized 
in  these  mountains.  On  the  Cumberland  side  this  formation  has, 
in  its  lower  part,  diorites  and  diorite  porphyries,  and  a  considera- 
ble number  of  other  porphyries,  jasper  rocks,  conglomerate,  jas- 
pideous  and  amygdaloidal.  The  last  correspond  exactly  with  the 
Quebec  conglomerates  of  Canada,  which  are  copper-producing. 
Above  the  conglomerates  is  a  considerable  thickness  of  diorites, 
shales  and  slates,  which  are  regularly  interstratified.  The  shales 
contain  abundance  of  fossils  of  older  forms  than  any  yet  found  in 
Nova  Scotia.  These  are  in  the  finest  state  of  preservation. 
Graptolitea  of  the  most  delicate  and  beautiful  forms  are  in  a  state 
of  preservation  unexampled  in  such  rocks.  THlobites  and  Idn- 
gtUce  of  forms  strange  to  Nova  Scotian  geology  are  also  found. 
These  are  of  Htuhon  River  age,  the  upper  part  of  the  Lower 
Silurian. 

This  important  discovery,  made  by  the  author  on  the  1 7th  of 
September,  has  solved  a  very  important  problem  regarding  the 
age  and  succession  of  the  older  metamorphic  rocks  of  Nova 
Scotia  and  Cape  Breton,  and  possibly  also  of  New  Brunswick. 
The  vertical  thickness  of  the  fossiliferous  and  interbedded  dior> 
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ites  is  770  feet  Succeeding  the  Lower  Silurian  on  the  Colchester 
side  is  a  band  of  Middle  and  Upper  Silurian,  about  2,000  feet 
wide.  This  is  the  band  which  contains  the  Londonderry  iron 
deposits.  Here  they  are  not  apparent.  On  the  Cumberland  side 
the  corresponding  Middle  Silurian  band  has  a  width  of  3,000  feet. 
One  fossil,  a  Linffukiy  was  found  in  the  lower  part. 

Succeeding  the  Middle  Silurian,  on  the  Colchester  side,  is  a 
great  width  of  the  Carboniferous  formation.  This  shows  neither 
limestone,  gypsum  nor  coal. 

On  the  Cumberland  side  is  the  Carboniferous  formation,  which 
contains  its  coal  fields.  The  part  of  this  formation  which  immedi- 
ately lies  upon  the  metamorpnic  foimations  of  the  Cobequids  con- 
sists of  conglomerates  and  sandstones.  One  remarkable  feature 
of  these  two  was  that  they  contained  embedded  blocks  of  syenite 
of  200  pounds  and  upward  at  a  distance  of  2^  miles  from  the 
original  rock  of  the  mountain.  Fossil  plants  embedded  in  the 
sandstone  with  these  rocks  are  found  closely  adhering  to  the 
latter. 

In  Mr.  Amos  Purdy's  Freestone  quarry,  at  Wentworth,  in  con- 
nection with  these  conglomerates  and  sandstones,  sandstones  were 
found  having  abundance  of  rain  prints,  rill  marks,  fossil  plants 
and  abundance  of  footprints  of  small  and  large  reptiles.  One 
reptile  had  trodden  on  a  fern  leaf  which  lay  m  the  rain-pitted 
mud,  and  another  had  dragged  its  tail  in  its  slow  march. 

Succeeding  the  Carboniferous  on  the  Colchester  side  is  the  Tri- 
assic,  or  New  Red  Sandstone.  This  extends  to  Truro  on  the  line  of 
railway.     On  the  Cumberland  side  it  is  absent. 

3.  On  a  shale  {Brandschiefer)  in  the  Lower  Permian  near 
PUlnitz  in  Saxony  ;  by  Eugene  Geinitz. — This  shale,  according 
to  Mr.  Geinitz,  has  afforded  remains  of  the  fish,  Acanthoses  gracilis 
Beyrich ;  wings  of  Blattina  Weissigensis  E.  Geinitz,  and  another 
near  3.  acanthophila  Germ&r  ]  Gyromices  Ammonis  Gdpp.  (the 
little  Serpula  of  the  Coal  measures,  made  a  fungus  by  Gdppert ; 
besides  species  of  (Jalamites^  Asterophyllites,  Annularia,  Schizop- 
ttris,  Sphenopteris,  Hymenophyllites^  Odontopteris.  CaUipteris^ 
Neuropteris^  l)ictyopteris^  Cyatheites,  AlethopteriSy  WcUchia.  Car- 
diocarpvs^  SigiUariostrobus^  and  the  Cycads  PterophyUum  Cottasa- 
num  Gutbier,  Pt,  blechnoides  Sandb. ;  also  Cordaites  Ottonis  Gein., 
C principalis  Germar,  (7.  Poesslerian us  Gein,^  Pinites  Naumanni 
Gutb.,  SchUtzia  anomrtla  Gein.  A  plate  representing  the  wings 
of  BlattincBy  the  fruit  Sigillariostrobus^  Sphenopteris  Naumanni, 
and  two  species  of  Pterophyllum,  accompanies  the  paper.  The 
association  of  Triassic-like  Cycads  with  Carboniferous  plants — a 
fact  pointed  out  before  by  Sandbergcr,  and  also  by  Prof  Geinitz 
for  a  Siberian  locality — is  a  fact  of  great  interest. 

4.  Asmanite^  a  new  species  of  Silica  from  a  Meteorite;  by 
Maskeltkb. — Maskelyne  found  this  mineral  in  the  meteorite  of 
Breitenbach,  in  which  it  occurs  in  colorless  grains,  1  to  3  milli- 
meters in  diameter,  along  with  nickeliferous  iron,  bronzite,  chro- 
mite  and  troilite.     It  has  the  form  of  a  i-ight  rhombic  prism  (I) 
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of  120°  20',  with  the  planes  i-l,  14,  ^-^  i-iy  and  also  rounded  octahe- 
dral planes.  The  inclination  of  1-1  on  the  base  is  117®  46'.  Cleav- 
age is  distinct  parallel  to  the  base,  and  imperfect  in  the  direction 
of  the  vertical  prism  I.  Maskelyne  also  observed  that  the  crystals 
are  optically  biaxial.  Hardness  between  that  of  apatite  and  feld- 
spar, or  6-6.  Specific  gravity  2*245,  that  of  tridymite  (another 
form  of  silica)  being  2*3,  and  of  quartz  2*6.  An  analysis  afforded 
Maskelyne— Si02  97*430,  Fe»0»  1-124,  CaO  0-578,  MgO  1-509  = 
100641.  It  is  about  as  insoluble  in  a  solution  of  carbonate  of 
Boda  as  quartz. 

Yom  liath  has  examined  the  mineral  and  confirms  the  results 
of  Maskelyne.  He  obtained  for  the  specified  gravity  2-247  ;  and 
for  the  composition  SiO*  96-8,  FeO  1-6,  MgO  1-1 =99  0.  Tlie 
presence  of  iron  and  magnesia  is  attributed  to  the  presence  of  a 
little  bronzite.  The  grains  of  asmanite  may  be  separated  from  the 
rest  by  treatment  with  dilute  chlorhydric  acid.  It  is  suggested 
by  Maskelyne  that  quartz  found  by  Partsch  in  the  meteorite  of 
Steinbach  (which  closely  resembles  that  of  Breitenbach)  may 
have  been  asmanite. 

5.  Mifieralogische  Beohachiungen  V ;  von  Dr.  Albkecht 
ScHKAUF.  88  pp.  8vo.  (From  the  67th  volume  of  the  Sitzb. 
of  the  k.  k.  Akau.  der  Wissensch.  1873.  Wien.) — ^This  memoir 
by  the  eminent  crystallographer  of  Vienna,  is  an  elaborate  treatise 
on  the  mineral  species  of  the  Brochantite  group.  It  gives  a  full 
exposition  of  the  crystallization  of  the  species,  and  of  their  chemi- 
cal and  physical  relations. 

G.  Geognostisch-mifieralogische  Fraamente  atM  Italien ;  von 
Prof  G.  vom  Rath,  of  Bonn.  Part  IV,  with  two  plates.  (From 
the  Zeitschr.  of  the  Deutschen  Geol.  Gesellschaft,  1873.) — This 
4th  part  of  vom  Rath's  learned  memoir  consists  of  geographical, 
geological  and  mineralogical  observations  on  the  vicinity  of  Massa 
Siaritima ;  on  Calabria ;  and  on  Vesuvius.  Under  the  last  head, 
vom  Rath  has  many  important  observations  on  the  minerals 
formed  at  the  eruption  of  1872.  He  shows  that  the  composition 
of  Microsomndte  of  Scacchi  is  related  to  that  of  the  sodalite 
group,  obtaining  in  his  analysis. 

Si  330,  *1  29-0,  Ca  11-2,  fe  11-6,  iJTa  8-7,  01  9*1,  §  l-t  =  104-2; 

and  makes  the  important  observation  that  nephelite,  sodalite  and 
microsommite,  which  are  alike  in  occurring  in  the  pores  of  lavas, 
have  resulted  alike  from  the  action  of  sea  water  (rich  in  chloride  of 
sodium)  on  the  silicate  of  the  lava.  Microsommite  occurs  in  hex- 
agonal prisms,  with  pyramidal  planes  on  the  basal  edges,  and 
has  43*^  40'  as  the  basal  angle  of  the  pyramid.  Vom  Rath  con- 
cludes also  that  leucite  was  one  of  the  results  of  sublimation  at 
the  eruption  of  1872,  as  well  as  augite,  hornblende,  cavolinite, 
biotite,  hematite  and  magnetite. 

Vom  Rath's  paper  on  the  crystallization  of  leucite,  pointing  out 
that  it  is  tetragonal,  is  contained  in  Poggendorff's  Annalen  Er- 
ganzungsband,  vol.  vi ;  and  the  same  paper  treats  of  the  crystalline 
forms  of  the  Vesuvian  augite  and  hornblende  derived  from  subli- 
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mation,  the  forms  of  the  crystals  of  sulphur ;  Arcanite  of  Roccal- 
muto ;  also  of  Jordanite  from  Binnenthal,  mica  of  Vesuvius ; 
epidote  of  Vesuvius ;  microsommite ;  and  chalcomorphite,  a  new 
species  from  the  lava  of  Niedermendig  of  the  hexagonal  system. 

7.  Note  on  AnomphaliM  Meeki, — Prof.  F.  B.  Meek  has  called 
my  attention  to  the  figures  of  Anomphalua  rottUus,  the  type  of  the 
genus,  on  plate  xxix  of  the  recently-issued  fifth  volume  of  the 
Geology  of  Illinois.  From  these,  it  is  evident  that  my  species,  A. 
Meeki  (this  Jounial,  August,  1872,  p.  88),  is  not  congeneric  with 
A.  rotiUiis.  As  I  have  been  unable  to  learn  of  any  genus  to  which 
it  can  properly  be  referred,  I  am  obliged  to  consider  it  as  the  type 
of  a  new  genus,  for  which  I  propose  the  name  DawsoneUa^  m 
honor  of  the  scientist  who  has  done  most  to  bring  to  our  knowl- 
edge the  land-snails  of  the  Carboniferous,  The  most  prominent 
characteristic  of  the  type  is  the  thin  plate  attached  to  the  columella, 
and  covering  half  or  more  than  half  of  the  aperture  of  the  shell. 
In  form,  this  reminds  one  of  the  similar  plate  in  NaviceUa^  with 
which  genus,  however,  the  shell  has  no  apparent  affinities.  I  see 
no  reason  to  change  my  reference  of  this  type  to  the  HeiicidcB  ; 
though  the  true  AnomphaXus  probably  belongs  to  the  Botellidcey 
as  stated  by  its  authors.  F.  H.  Bradley. 

New  Haven,  Ct,  Jan.  20th,  1874. 

8.  (tlacial  Period  in  New  Zealand. — Dr.  Hector  has  shown  that 
the  Glacial  period  was  a  marked  one  in  New  Zealand  geological 
history,  and  holds  that  the  era  was  one  of  "  prolonged  though  per- 
haps not  excessive  elevation";  and  that  "m  consequence,  espe- 
cially in  the  South  Island,  there  is  a  marked  absence  of  manne 
drifts  and  tills." — Nature,  Jan.  1. 

9.  Fossils  of  New  Zealand, — Catalogues  of  fossils  from  the  Ter- 
tiary formations,  and  also  an  illustrated  work  on  the  fossil  plants 
from  the  different  coal-bearing  formations,  are  nearly  ready  for  pub- 
lication. Seven  species  of  Plesiosaurus  and  related  genera  have 
been  obtained  at  the  Amuri  Bluff  (Marlborough)  and  at  the  Wai- 
para. — Ihid. 

10.  Addendum  to  Article  XL  VII,  voL  vi ;  by  the  author,  T.  B. 
CoMSTOCK. — Concerning  the  age  of  the  Bridger  and  Green  River 
groups,  referred  to  the  Miocene  by  Hayden,  there  is  still  much 
dispute,  one  of  the  best  authorities  expressing  confidently  the 
opinion  that  they  must  be  considered  Eocene.*  In  this  paper  I 
have  followed  Haydeii's  classification  provisionally  only.  For  the 
present  I  prefer  to  express  no  decided  opinion. 

I  am  indebted  to  Dr.  J.  S.  Newberry  lor  a  review  of  my  Silu- 
rian fossils  from  the  Wind  River  Mts.,  resulting  in  the  discovery 
that  this  formation  is  there  made  up  of  rocks  of  the  Quebec  group 
of  the  Calciferous  epoch  overlaid  by  a  considerable  thickness  of 
the  Niagara  limestone. 

The  Niagara  limestone  and  the  Oriskany  sandstone  are  new  for- 
mations to  this  region. 

Oevelaiid,  O.,  January  1,  1874. 

*  Prol  O.  C.  Karah  writes  me  that  he  has  obtained  abundant  evidence  of  the 
Booeoe  age  of  theee  beds. 
Ax.  Jour.  Sol— Third  Sbbibs,  Vol.  VII,  No.  88.~t'BB.,  1874. 
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11.  JStibioferrite  from  Santa  Clara  Go,^  California;  by  R 
Goldsmith. — This  antimonial  mineral  occurs  on  stibnite,  consti- 
tuting layers  from  a  thin  coating  to  a  quarter  of  an  inch  in  thick- 
ness, and  sometimes  crystallizea  in  cavities.  The  crystals  were 
orthorhombic,  and  are  rhombic  prisms  of  110°  8',  with  the  vertical 
edges  truncated.  It  is  opaque  when  amorphous,  but  subtranslu- 
cent  when  crystallised ;  tne  luster  resinous,  of  a  faint  yellow  color, 
with  the  streak  dull  yellow  to  straw-yellow.  Hardness  =4.  6.= 
3*518.  B.B.,  in  the  closed  tube  yields  water  and  a  white  subli- 
mate; on  charcoal,  metallic  globules  and  a  white  incrustation, 
with  fumes  on  stopping  the  heat ;  insoluble  in  nitric  acid ;  soluble 
in  hydrochloric.  An  analysis  afforded,  after  deducting  8*84  of 
Quartz,  Sb«0»  4769,  Fe^O*  36-86,  H«0  16-94=  100;  affording 
the  oxygen  ratio  for  the  antimony,  iron  and  water  1*1 : 1 :  1*4; 
taking  it  at  1 : 1 :1*5,  it  corresponds  to  2  of  sesquioxides  of  anti- 
mony and  iron  to  3  of  water. — Proc.  Acad,  NicU,  Sci,  Philad.j  p. 
366,  1873. 

12.  Chromite  and  Trautvoinite  f^om  Monterey  Co,j  California; 

by  E.  GoLDSMiiH.     Proc.  Acad  Nat  Sci.  Philad.,  1873,  p.  365. — 

Analyses  afforded 

Si         Cr       9e        Si        Ca        Ag 
Chromite,         1212     62*12     15.24    218      5*65     1229  sp.  gr.  4*1647 
Trautwinite,    21*78    38*39     13*29    0*81     18*58      7*88       ''       3*505 

Mr.  Gk>ldsmith  concludes  that  the  trautwinite  is  a  result  of  the 
alteration  of  chromite ;  and  that  the  silica  and  lime  found  in  this 
chromite  is  in  the  state  of  trautwinite.  The  mineral  is  not  acted 
on  by  hydrochloric  acid. 

13.  Ur,  Hegel  on  VitiSy  a  Monograph  recently  published  in  the 
Annals  of  the  St  Petersburgh  Botanic  Garden,  we  commend  to 
the  notice  of  Dr.  Engelmann,  as  being  most  familiar  with  the 
botany  of  our  North  American  Vines  and  their  near  relatives. 
One  need  not  know  them  profoundly,  however,  to  be  able  to 
appreciate  the  soundness  of  the  judgment  that  combines  under 
one  species,  V.  cordifolia  (our  Frost  Grape)  with  V,  vulpina^  the 
Muscadine  or  Southern  Fox  Grape  I 

The  Gardener's  Chronicle  calls  attention  to  Dr.  Kegel's  bring- 
ing forward  as  an  "  objection  to  the  Darwinian  theory,  the  cir- 
cumstance that  the  cultivation  of  the  American  vines  has  resulted, 
in  the  course  of  a  few  score  of  years,  in  the  production  of  as  great 
an  amoimt  of  variation  as  has  been  obtained  in  Enrope  and  Asia 
during  tens  of  centuries."  Upon  which  it  may  be  remarked,  1 , 
that  there  are  in  North  America  several  species  to  work  with, 
against  the  single  one  cultivated  in  Europe  and  western  Asia; 
and,  2,  that  the  American  varieties  in  question  for  the  most  part 
have  not  been  made,  but  rather  selected  and  improved  within  the 
last  two  or  three  score  years.  As  most  youngsters  here  very  well 
know,  all  our  Vines  vary  greatly  as  to  their  fruit  in  the  wild  stat«. 
So  that  nature  had  long  ago  begun  the  work  which  the  cultivator 
in  this  case  only  accelerates,  and  directs,  and  gets  the  credit  for. 

▲.  G. 
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14.  Hiepaticce  JBorecUi-Awericance;  by  Coe  F.  Austin.  Clos- 
ter,  New  Jersey,  1873. — This  classical  collection,  which  is  very 
important  for  t&ose  who  undertake  to  collect  and  study  oar  He- 
patic€Bj  was  announced,  if  we  mistake  not,  some  time  ago.  The 
sets  are  now  issued,  with  tickets,  index,  and  title-page,  making  a 
choice  collection  of  160  species.  The  tickets  are  in  English,  except 
the  characters  of  new  species,  which  are  in  Latin.  The  number  of 
sets  is  limited  ;  the  price  $15,  but  soon  to  be  raised.  A  separate 
pamphlet  is  issued,  of  48  pages,  octavo,  containing  the  tickets, 
index,  ifcc,  of  the  collection.  Following  the  orthography  of  Jung- 
ermann^s  name,  the  familiar  genus  dedicated  to  him  is  JungttT- 
mannia^  which  Mr.  Austin  has  shortened  to  Jungermania.     a.  o. 

1 5.  Tlj/sarUhes  gratioloideSy  a  rather  insignificant  plant  of  our 
flora,  has  recently  been  found  in  abundance  in  France,  in  the 
neighborhood  of  Nantes.  It  is  thought  to  have  appeared  there 
between  the  years  1853  and  1858,  and  to  have  been  m  some  way 
received  from  the  United  States,  but  the  manner  of  its  coming 
eludes  enquiry.  An  account  of  it  is  given  in  Bull.  Bot.  8oc. 
France,  session  of  Nov.  15,  1872.  a.  g. 

16.  Synopsis  Generis  LespedezcB,  auct09*e  C.  L  Maximowicz. — 
This  fills  sixty  pages  of  the  Annals  of  the  St.  Petersburgh 
Botanic  Garden,  and  was  presented  at  its  semi-centennial  celebra- 
tion on  the  22d  of  March  last.  The  genus  is  one  of  those  mainly 
divided  between  the  eastern  United  States  and  eastern  Asia, 
chiefly  Japan  and  China,  and  so  comes  especially  before  Dr. 
Maximowicz,  who  is  working  up  the  Flora  of  Japan.  We  found 
our  own  species  difficult  when  we  studied  them  more  than  thirty 
years  ago ;  we  welcome  the  light  which  a  new  study  of  the  whole 
genus  is  likely  to  throw  upon  them,  and  are  quite  prepared  to 
accept,  after  verification  (upon  the  first  convenient  opportunity), 
the  moderate  changes  which  Dr.  Maximowicz  concludes  to  make. 
We  trust,  and  indeed  should  expect,  that  his  characters  may  serve 
to  distinguish  from  X.  violacea  the  X.  reticulata^  including  Z. 
iessUiflora  and  our  variety  angustifolia ;  the  junction  of  X.  pro- 
cumbens  with  X.  repeas  confirms  a  view  which  some  of  our  Amer- 
ican botanists  had  already  insisted  on ;  and,  as  to  the  angxtstifolia 
variety  of  X.  capitata^  with  its  rounded  legumes  not  surpassed  by 
the  calyx  and  sometimes  slender  peduncles,  it  is  well  separated 
from  that  species,  but  is  more  likely  to  be  a  distinct  species  than 
a  form  of  X.  hirta.  As  to  the  "  clandestine"  or  "  apetalous" 
flowers  of  one  section,  which  Maximowicz  would  prefer  to  call 
**  female*'  (none  of  which  names  are  truly  apt),  we  request  our  bot- 
anists in  the  field  to  scrutinize  them.  Ihey  are  probably  cleis- 
togenous.  As  to  Bertoloni's  X.  cytisoides^  it  is  of  course  Pitchetia 
galactoides  of  Nuttall ;  and  we  thought  this  had  been  stated  in 
this  Journal,  among  the  notices  of  poor  old  Bertoloni's  remarkable 
doinss.  As  to  X.  striata^  the  type  and  sole  representative  of  his 
third  sub  genus,  Microlespedeza^  Dr.  M.  is  unaware  of  the  singular 
fact  of  its  recent,  and  singular,  seemingly  unaccountable,  natural- 
ization and  wide  diffusion  in  our  southern  Atlantic  States,  where 
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it  is  said  to  be  of  inestimable  value  as  a  '*  forage  plant."  There 
are  notices  of  it  in  this  Journal,  eight  or  ten  years  ago :  these 
would  have  supplied  the  author  of  this  monograph  with  materials 
for  amplifying  his  paragraph  upon  the  use  of  Lespedezie.     a.  g. 

17.  On  the  Systematic  Position  of  the  Brachiopoda  ;  by  E.  S. 
MoKSE.  (From  the  Proceedings  of  the  Boston  Society  of  Natural 
History,  vol.  xv,  1873.)  60  pages,  with  numerous  i]gure& — In  this 
memoir  Professor  Morse  has  presented,  at  some  length,  his  argu- 
ments in  favor  of  uniting  the  Hrachiopods  with  the  Ch^topod 
Worms.  His  avowed  object  is  "  to  show  that  in  every  point  of 
their  structure,  the  Brachiopoda  are  true  worms,  with  possibly 
some  affinities  to  the  Crustacea,  and  that  they  have  no  relations  to 
the  IMollusca,  save  what  many  other  worms  may  possess  in  com- 
mon with  them." 

In  this  and  several  other  valuable  papers  on  the  Brachiopoda 
the  author  has  presented  many  facts  of  great  interest  and  import- 
ance concerning  their  anatomy  and  embryology,  and  for  these  he 
deserves  much  credit,  whether  we  accept  his  theories  concerning 
their  relations  to  the  worms,  or  not.  A  full  discussion  of  his 
theory  and  arguments,  on  this  subject,  will  not  be  attempted  at 
this  time ;  but  as  some  of  his  statements  are  calculated  to  mislead 
those  not  familiar  with  the  subject,  a  few  exceptions  to  such  state- 
ments may  not  be  out  of  place.  On  pages  7  to  10  (819  to  322,  in 
Proc.)  a  summary  is  given  of  the  characters  in  which  Worms 
and  MoUusks  are  supposed  to  differ;  and  on  pages  58  and  59,  the 
characters  of  "  Vermes"  and  Brachiopods  are  compared  in  paral- 
lel columns.  In  both  places  the  terms  "  worms,"  "  Vermes," 
"  Annulata,"  are  used  so  indefinitely  that  it  is  not  always  easy  to 
tell  whether  certain  characters  are  intended  to  apply  to  all  worms, 
or  "  vermes,"  or  to  particular  groups,  like  the  Annelids.  But 
considering  the  immense  diversity  in  tne  anatomy  and  embryology 
of  the  numerous  groups,  of  at  least  ordinal  value,  if  not  classes, 
alieady  referred  to  the  "  Vermes,"  this  distinction  is  of  essential 
importance.  Thus  it  would  be  easy  to  show  that  there  are  excep- 
tions (often  very  numerous)  to  nearly  every  character  given  as 
characteristic  of  "  Vermes"  on  pp.  58,  59.  It  would  also  be  easy 
to  show  that  part  of  the  characters  given  as  common  to  Vermes 
and  Brachiopods  are  common,  likewise,  to  most  other  classes  of 
Invertcbrata,  including  certainly  some  IVfollusks  and  Radiates. 

The  first  character  given  (p.  7)  relates  to  form:  "  We  have  in 
the  Vermes  a  form,  whose  length  is  much  greater  in  proportion  to 
its  breadth  than  in  the  Mollusks."  Many  Annelids,  like  Aphrodite^ 
Eiiphrosyne^  certain  leeches,  and  many  of  the  lower  "  Vermes," 
like  the  Planarians,  are  notable  exceptions,  being  relatively 
broader  and  shorter  than  the  majority  of  Mollusks.  Again,  "  the 
worm  is  perfectly  bilaterally  symmetrical,  depressed,  flattened  or 
circular,  tne  dorsal  and  ventral  regions  so  near  alike  in  many 
cases  as  to  be  distinguished  with  difficulty,  and  the  body  never 
flattened  laterally,"  the  reverse  being  stated  of  the  Mollusks. 
But  we  find  many  Annelids  that  are  more  or  less  asymmetrical. 
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either  in  the  number  and  form  of  the  jaws  (Diopatra^  etc.),  or  in 
the  cephalic  appendages,  as  in  SerpiUidcB^  where  one  of  the 
branchiae,  on  one  side,  is  often  transformed  into  an  operculum ;  or 
in  various  other  organs,  in  different  groups ;  while  the  dorsal  and 
Tentral  regions  are  often  quite  as  strongly  contrasted  as  in  any 
mollusk ;  and  in  some  cases  the  body  is  compressed  laterally 
(Amnujtrypane).  But  on  the  other  hand,  mollusks  are  often 
nearly  or  quite  symmetrical  (many  Nudibranches,  Chitons,  Ptero- 
pods,  Cephalopods)  and  are  frequently  cylindrical  or  even  de- 
pressed {DoriSy  Chitons,  Cephalopods,  Pteropods).  In  fact  form 
IB  a  very  poor  character  for  characterizing  any  large  group  of 
animals,  and  should  have  little  or  no  weight  in  this  case.  The 
ventral  connections  of  the  ''  locomotor  muscles''  in  mollusks  and 
their  lateral  and  dorsal  attachment  to  the  integument  in  worms 
are  given  as  distinctive.  But  we  generally  find  the  locomotor 
muscles  of  animals  connected  with  the  locomotive  organs,  wher- 
ever these  may  be  situated.  So  in  Pecten  we  find  that  the  main 
locomotor  muscles  are  attached  laterally  to  the  shell,  that  being 
its  principal  organ  of  locomotion ;  and  in  Cephalopods  we  find 
them  on  the  sides  and  back,  as  well  as  ventrally,  so  that  the  man- 
tle may  be  used  as  a  locomotive  organ.  On  the  other  hand,  many 
worms,  like  Aphrodite^  LepidonotuSy  many  leeches,  Trematodes, 
and  other  worms,  both  liigh  and  low,  have  their  locomotive  organs 
as  truly  ventral  as  those  of  Gastropods.  ''  In  the  Mollusk  the 
tegamentary  envelope  is  prolonged,  and  oftentimes  continuous, 
forming  a  sac  or  mantle,  inclosing  a  conspicuous  cavity,  and  pro- 
tecting the  gills."  This  is,  indeed,  a  valuable  character,  but  not 
accurately  stated,  for  the  mantle  does  not  always  form  a  "cavity," 
and  is  often  nearly  or  quite  abortive,  and  the  gills  are  often  situ- 
ated on  the  back  or  sides,  as  in  the  Nudibranchs.  But  in  this 
character  the  Brachiopods  agree  with  the  Mollusks,  and  not  with 
the  worms.  "  In  the  worm  the  digestive  canal  is  straight,  rarely 
convoluted,  and  suspended  freely  in  the  perivisceral  cavity."  "  In 
the  Mollusk,  the  intestine  is  always  convoluted,  not  suspended 
freely  in  the  perivisceral  cavity,  but  intimately  blended,  or  united 
with  other  organs."  The  intestine  varies  immensely  in  both 
groups,  according  to  the  food  of  the  species,  and  cannot  be  prop- 
erly used  as  a  character  for  separating  two  sub-kingdoms.  Among 
Sipunculoid  Worms  (as  stated  on  p.  26)  the  intestine  is  generally 
very  long  and  greatly  convoluted,  and  may  terminate  either  ante- 
riorly or  posteriorly. 

In  most  Nemerteans,  Planarians,  and  Trematode  worms  the 
intestine  is  not  "  freely  suspended,"  but  firmly  united  to  the  other 
organs  and  the  teguraentary  system.  "  In  Vermes  there  is  a 
peculiar  depuratory  apparatus  characteristic  of  all.  In  the  Annu- 
lata  this  apparatus  takes  the  shape  of  bilaterally  syintn^itrical 
tubes,  in  pairs,  opening  externally  and  com  nuaicating  with  the 
perivisceral  caviity,  by  distinct  independent  infundibulitbrm  ori- 
fices. In  the  MolluBca,  with  the  exception  of  certain  Cephalo- 
poda, nothing  of  the  kiud  is  found,  aud  where  such  commuiii- 
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cation  does  exist  between  the  organs  and  the  snrroanding  me- 
dium, it  is  by  means  of  simple  orifices  in  the  walls  of  the  cavity.'^ 
The  "depuratory  apparatus"  of  "Vermes"  is  so  diverse  in 
structure  and  position  in  the  different  groups,  as  to  render  it 
very  questionable  whether  these  organs  are  homologous  in  the  dif- 
ferent orders.  Moreover,  there  is  still  so  much  to  learn  concern- 
ing both  the  proper  vascular  circulation  and  the  "  depuratory 
apparatus"  of  ordinary  Mollusca,  and  the  connection  of  both  witL 
the  exterior,  that  it  is  very  unsafe  to  base  generalizations  on  neg- 
ative evidence  of  this  kind.  Even  now,  tne  utmost  diversity  of 
opinion  exists,  among  the  leading  European  anatomists,  concern- 
ing the  character  of  these  organs  m  the  commonest  Mollusks,  some 
asserting  and  others  denying  the  existence  of  external  vascular 
connections,  lacunae,  capillaries,  etc.  It  should  also  be  considered 
that  no  "  segmental  organs"  have  yet  been  detected  in  the  nearest 
allies  of  the  Annelids,  the  Crustacea,  although  the  two  classes 
agree  so  closely  in  nearly  all  other  respects  that  no  one  has  been 
able,  as  yet,  to  frame  strictly  distinctive  diagnoses  for  them. 
Nevertheless  the  existence  of  the  infundibuliform  organs  in  Brach- 
iopods  is  certainly  one  of  their  most  remarkable  characters  ;  and 
also  one  of  the  strongest  analogies  with  the  Annelids  which  they 
possess. 

The  character  of  the  nen^ous  system  of  Brachiopods,  according 
to  the  author's  own  statements,  is  quite  as  much  like  that  of  a 
degraded  mollnsk  as  like  that  of  a  degraded  worm,  and  has  no 
special  resemblance  whatever  to  that  of  any  of  the  true  Annelids, 
with  which  the  author  wishes  to  compare  them.  We  may  as  well 
compare  it  with  the  nervous  system  of  a  Lamellibranch,  without 
the  pedal  and  posterior  ganglia  (for  which  there  is  no  use),  as 
with  that  of  an  Annelid  destitute  of  the  ventral  series  of  ganglia. 
"In  the  Annulata,  with  the  exception  of  the  Discophora,  the 
generative  products  are  set  free  in  the  perivisceral  cavity,  receiv- 
ing from  the  fluid  therein  contained  certain  nourishment."  An- 
other notable  exception  is  found  in  the  common  earth-worms,  and 
their  allies,  which  have  a  distinct  oviduct  and  male  organ,  in  the 
median  line  beneath,  and,  like  many  leeches,  lay  eggs  enclosed  in 
capsules,  not  unlike  those  of  many  mollusks.  Other  exceptions 
also  occur  in  the  Annelids,  while  among  the  Cestodes,  Trematodes, 
Nematodes,  and  Tiirbellaria,  the  oviduct  is  usually  single  and 
connected  directly  with  the  ovary,  as  in  most  Mollusca,  But  in 
Polyps  and  many  common  Fishes,  etc.,  the  generative  products 
are  discharged  into  the  perivisceral  cavity,  as  in  most  Chaetopod 
Annelids.  This  is  obviously  a  character  of  small  importance, 
hardly  sufiioient  to  characterize  even  the  several  orders  of  Anne- 
lids. In  the  IMolhisca,  "with  the  exception  of  the  Octopoda,  the 
oviduct  is  single."  Many  other  exceptions  occur,  in  the  Chitons, 
Lamellibranchs,  etc.  "  Among  the  Mollusks,  even  when  devoid  of 
a  shell  in  the  adult,  the  embryo  early  develops  a  shell  composed  of 
one  or  two  pieces,"  This  is  not  the  case  in  many  Cephalopods 
and  Pteropods. 
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From  this  Bummary  it  will  be  seen  that  not  one  of  the  characters 
given  to  worms  is,  properly  speaking,  characteristic,  or  diagnostic, 
of  the  Vermes,  as  a  whole,  and  few  of  them  can  be  applied  to 
more  than  a  single  order,  while  many  of  them  are  common  to  the 
worms  and  various  other  invertebrates,  belonging  to  diverse 
classes  and  branches,  including  Mollusca.  The  same  remarks 
apply  to  most  of  the  additional  characters  given  to  Vermes,  on  pp. 
58,  59.  Some  of  the  latter  are  even  more  useless,  as  distinctive  of 
Vermes.  Thus  they  are  said  to  have  "  an  extensive  vascular  sys- 
tem, containing  a  colored  fluid  representing  the  pseudo-hasmal 
system.^  This  has  not  usually  been  given  as  a  character  for  all 
V  ermes,"  but  merely  for  the  higher  Annelids ;  but  it  does  not  hold 
Bfood  even  within  those  limits,  for  there  are  many  ChsBtopod 
Annelids,  belonging  to  several  different  families,  that  are  totally 
destitute  of  pseudo-h»mal  vessels,  but  have  only  one  fluid,  which 
fills  the  perivisceral  cavity,  (AphlebinUy  Polydrrus^  Olycera^  etc.), 
and  yet  some  of  these  genera  belong  to  families  in  which  other 
genera  have  a  complete  system  of  vessels,  (see  also  Morse's  quota- 
tion from  ClaperMe,  p.  26).  The  possession  of  "  chitinous  out- 
growths, either  as  scales,  plates,  hairs,  or  spines ''  is  a  character 
that  applies  only  to  a  part  of  the  true  Annelids,  most  leeches  and 
many  Sipunculoids,  as  well  as  most  of  the  Helminths  (except  in 
the  embyos  of  some)  being  destitute  of  such  appendages.  In  fact 
most  of  these  characters  are  no  more  characteristic  of  worms,  as  a 
^oup,  than  the  presence  of  a  shell  is  characteristic  of  Mollusca. 

These  facts  are  brought  forward,  not  for  the  purpose  of  refuting 
E*rof.  Morse's  views  concerning  the  position  of  Brachiopoda, 
which,  if  established  at  all,  must  rest  on  other  and  better  founda- 
tions, but  to  show  how  vague  are  his  definitions  of  "  Vermes,"  and 
how  indefinite  his  ideas  as  to  what  a  worm  really  is.  The  difficulty 
of  defining  the  heterogeneous  group  of  "Vermes"  would  be  greatly 
increased  by  adding  to  it  the  Brachiopods  and  Polyzoa,  as  the 
author  proposes.  S^or  can  he  better  tne  matter,  by  separating 
the  "  \  ermes  "  from  the  rest  of  the  Articulata,  and  calling  the 
group  a  "sub-kingdom,"  as  some  other  writers  have  alreany 
lone.  In  fact,  there  is  far  greater  difference  between  the  Annelids 
and  lower  worms  (Helminths),  than  between  the  Annelids  and 
Crustacea.  These  two  last  classes  approximate  so  closely  in 
structure,  in  some  of  their  forms,  that  it  has  become  a  matter  of 
extreme  difficulty  to  find  diagnostic  characters  for  separating 
them,  and  few  greater  absurdities  have  been  proposed  in  classifica- 
tion, in  modem  times,  than  to  separate  them  in  two  "  sub  king- 
ioms  "  or  branches.  On  the  same  basis  every  class  of  animals 
osight  be  made  a  "  sub-kingdom." 

Another  feature  of  the  arguments  presented  demands  attention 
from  those  who  may  wish  to  form  an  impartial  judgment  of  them. 
The  author  naturally  takes  great  pains  in  every  case  to  point  out 
all  the  resemblances  between  the  organs  of  worms  and  those  of 
Brachiopods  that  he  compares,  but  he  does  not  always  allude  to 
the   differences.      Thus,   on   p.    11,   he   compares  the  elongated 
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caudal  Begments  of  Annelids,  like  Pectinaria  and  SabeWtria,  with 
the  peduncle  of  Brachiopods,  but  he  does  not  mention  tbo  fact 
that  in  the  fonner  the  anal  orifice  is  at  the  end  of  the  caudal  t^oir- 
ment,  which  is  bent  forward,  and  that  this  elongation  is  to  facili- 
tate the  discharge  of  the  feBces ;  while  the  peduncle  of  Brachiopods 
is  imperforate,  does  not  contain  the  intestine,  and  is  essentially  an 
organ  of  attachment.  The  fabrication  of  tubes  by  the  agglutina- 
tion of  sand  with  a  mucous  secretion,  in  Lingular  is  a  character 
of  trivial  importance,  for  many  soft  bodied  species  of  nearly  all 
classes  of  invertebrates,  whether  Protozoa,  Radiata,  Molhisca,  or 
Articulata,  do  the  same  thin^.  On  p.  28,  the  identity  of  the 
cirri  of  Brachiopods  and  Annelids  is  asserted,  but  he  has  not  men- 
tioned that  in  the  latter  these  organs  are  genuine  gills,  with  a 
complicated  capillary  vascular  circulation,  which  has  not  been 
shown  to  exist  in  the  former.  So  of  the  pallial  membranes  of 
Brachiopods  and  the  collar  of  Annelids,  he  has  shown  their  points 
of  resemblance,  but  has  largely  ignored  their  great  differences  in 
structure,  relations,  and  function.  We  would  also  remind  our 
readers  that  a  liberal  use  of  printers-ink  on  diagramatic  cuts,  like 
those  on  page  21,  may  serve  to  conceal  differences,  as  well  as  to 
show  resemblances. 

The  facts  in  regard  to  the  embryology  of  the  Brachiopo<l8, 
which  are  brought  out  by  Prof.  Morse  in  this  and  in  a  subsequent 
memoir,  are  of  great  interest  and  importance,  and  do,  indeed,  show 
remarkable  points  of  resemblance  between  the  embryos  and  larvie 
of  Brachiopods  and  of  certain  worms.  a.  e.  v. 

18.  Occurrence  of  Gigantic  Cuttle-fishes  on  the  coast  of  A«/?- 
foundland ;  by  A.  E.  Verkill. — Considerable  popular  interest  has 
been  excited  by  several  articles  that  have  recently  been  published 
and  extensively  circulated  in  the  newspapers  of  Canada  and  the 
United  States,  in  regard  to  the  appearanc*;  of  gigantic  "  squids " 
on  the  Newfoundland  coast.  Having  been  so  fortunate  as  to 
obtain,  through  the  kindness  of  Prof.  8,  F.  Baird,  the  jaws  and 
other  parts  of  two  of  these  creatures,  and,  through  the  courtesy  of 
Dr.  J.  W.  Dawson,  photographs  of  portions  of  two  other  sj)e('i- 
mens,  I  have  thought  it  worth  while  to  bring  together,  at  this 
time,  the  main  facts  respecting  the  several  specimens  that  have 
been  seen  or  captured  recently,  so  far  as  I  have  been  able  to  collate 
them,  reserving  for  a  future  article  the  full  descriptions  and  figures 
of  the  jaws  and  other  portions,  now  in  my  possession. 

We  now  have  reliable  information  concerning  five  different  ex- 
amples of  these  monsters  that  have  appeared  within  a  short  perio<l, 
at  Newfoundland.  (1).  A  specimen  found  floating  at  the  surface, 
at  the  Grand  Banks,  in  October,  1871,  by  Captain  Campbell,  of  the 
schooner  B.  D.  Haskins,  of  Gloucester,  Mass.  It  was  taken  on 
board  and  part  of  it  used  for  bait.  Dr.  A.  S.  Packard  has  given, 
in  the  American  Naturalist,  vol.  vii,  p.  91,  Feb.,  1873,  all  the  taets 
that  have  been  published  in  regard  to  this  individual.  But  its 
jaws  have  since  been  sent  to  the  Smithsonian  Institution,  and  ai^ 
now  in  my  hands  to  be  described  and  figured.     They  were  thought 
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by  Professor  Steenstrup,  who  saw  a  photograph  of  them,  to  belong 
to  his  Architeuthia  monachu^j  which  inhabits  tlie  northern  coasts 
of  Europe,  but  is  still  very  imperfectly  known.  The  horny  jaw  or 
beak  from  this  specimen  is  thick  and  strong,  nearly  black ;  it  is 
acute  at  the  apex,  with  a  decided  notch  or  angle  on  the  inside, 
about  '75  of  an  inch  from  the  point,  and  beyond  the  notch  is  a 
large  prominent  angular  lobe.  The  body  of  the  specimen  from 
which  this  jaw  was  taken  is  stated  to  have  measured  15  feet  in 
length  and  4  feet  8  inches  in  circumference.  The  arms  were  mu- 
tilated, but  the  portions  remaining  were  estimated*  to  be  9  or  10 
feet  long,  and  22  inches  in  circumference,  two  being  shorter  than 
the  rest.     It  was  estimated  to  weigh  2000  pounds. 

(2).  A  large  individual  attacked  two  men,  who  were  in  a  small 
boat,  in  Conception  Bay,  and  two  of  the  arms  which  it  threw 
across  the  boat  were  cut  off  with  a  hatchet,  and  brought  ashore. 
Full  accounts  of  this  adventure,  written  by  Mr.  M.  Harvey,  have 
been  published  in  many  of  the  newspapers.*  One  of  the  severed 
arms,  or  a  part  of  it,  was  preserved  in  the  museum  at  St.  John, 
and  a  photograph  of  it  is  now  before  ma  This  fragment  repre- 
sents the  distal  half  of  one  of  the  long  tentacular-arms,  with  its  ex- 
panded terminal  portion  covered  with  suckers,  24  of  which  are 
larger,  in  two  rows,  with  the  border  not  serrate,  but  1  '26  inch  in 
diameter ;  the  others  are  smaller,  very  numerous,  with  the  edge 
supported  by  a  serrated  calcareous  ring.  The  part  of  the  arm  pre- 
served measured  19  feet  in  length,  and  8*5  inches  in  circumference, 
but  wider,  "  like  an  oar,"  and  6  inches  in  circumference,  near  the 
end  where  the  suckers  are  situated ;  but  its  length,  when  entire, 
was  estimated  at  42  feet.f  Tlie  other  arm  was  destroyed  and  no 
description  was  made,  but  it  was  said  to  have  been  G  feet  long  and 
10  inches  in  diameter;  it  was  evidently  one  of  the  eight  shorter 
sessile  arms.  The  estimate  given  for  the  length  of  the  "  body"  of 
this  creature  (60  feet)  was  probably  intended  for  the  entire  lengthy 
including  the  arms. 

(3).  A  specimen  was  found  alive  in  shallow  water,  at  Coomb's 
Cove,  and  captured.  Concerning  this  one  I  have  seen  only  news- 
i)aper  accounts.  It  is  stated  that  its  body  measured  ten  feet  in 
length  and  was  "  nearly  as  large  round  as  a  hogshead  "  (10  to  12 
feet)  ;  its  two  long  arms  (of  which  only  one  remained)  were  forty- 
two  feet  in  length  and  "  as  large  as  a  man's  wrist ;"  its  short  arms 
were  six  feet  in  length,  but  about  nine  inches  in  diameter,  "  very 
stout  and  strong ;"  the  sucjkers  had  a  serrated  edge.  The  color  was 
reddish.  The  loss  of  one  long  arm  and  the  correspondence  of  the 
other  in  size  to  the  one  amputated  from  No.  2,  justifies  a  suspic- 
ion that  this  was  actually  the  same  individual  that  attacked  the 
boat.  But  if  not,  it  was  probably  one  of  the  same  species,  and  of 
about  the  same  size. 

*  Also  in  tho  Annabi  and  Magazine  of  Natural  History,  January,  1874,  with  a 
wood-cut  of  the  arm. 

f  Doubtless  these  long  arms  are  very  contractile  and  changeable  in  length  like 
those  of  the  ordinary  squids. 
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(4).  A  pair  of  jaws  and  two  of  the  suckers  were  recently  for- 
warded to  me  from  the  Smithsonian  Institution.  These  were  re- 
ceived from  Rev.  A.  Munn,  who  writes  that  they  were  taken  from 
a  specimen  that  came  ashore  at  Bonavista  Hay ;  that  it  measured 
thirty-two  feet  in  length  (prohably  the  entire  lengthy  including 
more  or  less  of  the  arms) ;  and  about  six  feet  in  circumference. 
This  jaw  is  large  and  broad,  but  much  thinner  than  that  of  No.  1, 
and  without  the  deep  notch  and  angular  lobe  seen  in  that  speci- 
men. It  probably  belongs  to  the  ArchUevthiB  dux  of  Steenstrup, 
or  at  least  to  the  same  species  as  the  law  figured  by  Dr.  Packard 

(6).  A  smaller  specimen,  captured  m  December,  in  Logic  Bay, 
about  three  miles  from  St.  John,  in  herring  nets.  Of  this  I  have 
a  descri])tion  in  a  letter  to  Dr.  Dawson,  from  M.  Harvey,  Esq., 
who  has  also  published  a  brief  account  of  it  in  the  "  Morning 
Chronicle,"  of  St.  John.  The  letter  is  acompanied  by  two  photo- 
graphs of  the  specimen  :  one  showing  the  entire  body,  somewhat 
mutilated  anteriorly;  the  other  showing  the  head  with  the  ten 
arms  attached.  The  body  of  this  specmien  was  over  seven  feet 
long,  and  between  five  and  six  feet  m  circumference ;  the  caudal 
fin  was  twenty-two  inches  broad,  but  short,  thick,  and  emarginate 
posteriorly  on  each  side,  the  end  of  the  body  being  acute ;  the 
two  long  tentacular-arms  were  twenty-four  feet  in  length,  and  two 
and  a  half  inches  in  circumference,  except  at  the  broader  part  near 
the  end;  the  tips  slender  and  acute;  the  largest  suckers  1"25  inch 
in  diameter,  with  serrated  edges ;  the  eight  short  arms  were  each 
six  feet  long ;  the  two  largest  were  ten  inches  in  circumference  at 
base ;  the  others  were  9,  8  and  7  inches.  Tfiese  short  arms  taper 
to  slender  acute  tips,  and  each  bears  about  100  large,  bell-shaped 
suckors,  with  serrated  margins.  Each  of  the  long  arms  bear, 
about  1 60  suckers  on  the  broad  terminal  portion,  all  of  which 
are  denticulated;  the  largest  ones,  which  form  two  regular  alter 
nating  rows,  of  twelve  each,  are  about  an  inch  in  diameter. 
There  is  also  an  outer  row  of  much  smaller  suckers,  alternating 
with  the  large  ones,  on  each  margin;  the  terminal  part  of  these 
arras  is  thickly  covered  with  small  suckers :  and  numerous  similar 
small  suckers  are  crowded  on  that  portion  of  the  arms  where  the 
(iilargemont  begins,  before  the  commencement  of  the  rows  of 
large  suckers.  The  arrangement  of  the  suckers  is  nearly  the  same 
as  on  the  long  arm  of  No.  2,  but  in  the  latter  the  terminal  por- 
tion of  the  arm,  beyond  the  large  suckers,  as  shown  in  the  photo- 
graphs, is  not  so  long,  tapering,  and  acute,  but  this  may  be 
due  to  the  different  conditions  of  the  two  specimens.  It  is  proba- 
ble that  this  was  a  young  specimen  of  the  same  species  as  No.  2. 

From  the  facts  known  at  present,  it  appears  probable  that  all 
these  sprcitnens,  and  several  others  that  have  been  reported  at 
various  times  from  the  same  region,  are  referable  to  two  species ; 
one  (probably  ArchitctUhis  mouachxis)  represented  only  by  the 
first  of  those  enumerated  above,  and  havmg  a  more  elongated 
form  of  body  and  stouter  jaws ;  the  second  (probably  A,  dux) 
represented  by  Nos.   2  to  5,  above   described,   having  a  short. 
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;hick,  massive  body,  and  broad,  but  comparatively  thin  jaws, 
vhich  are  also  different  in  form.  Some  of  the  differences  in  size 
md  proportions,  and  in  the  suckers,  observed  among  the  four 
tpecimens  referred  to  the  latter  species,  may  be  due  to  sex,  for 
;he  sexes  differ  considerably  in  these  characters  in  all  known 
;uttle-fishes. 

19.  Jievision  of  the  Echini ;  by  Alexander  Agassiz.  Part 
ii,  4to,  with  45  plates.  Illustrated  Catalogue  of  the  Museum  of 
Comparative  Zoology.  Cambridge,  Mass.  1873. — ^This  excellent 
work  is  profusely  illustrated  by  unique  plates,  a  large  part  of  which 
lave  been  made  by  different  photographic  printing  processes,  di- 
■ectlv  from  photographs  of  tne  specimens,  and  are  of  unrivalled 
ixceflence.  The  Woodbury-type  process,  the  Albert-type  and  the 
ileliotype,  have  all  been  successfully  employed,  while  superior 
ithographs  have  also  been  used  to  some  extent.  Part  iil  contains 
ietailed  descriptions  of  all  the  known  species,  except  those  of  the 
jast  coast  of  North  America,  which  were  described  in  Part  ii. 
inch  species  are,  however,  referred  to,  in  their  proper  systematic 
)laoes.  Twenty-eight  plates  illustrate  Part  iii ;  the  remaining 
;event€en  relate  to  structure  and  belong  to  Part  iv,  but  are  issued 
n  advance  of  the  text,  owing  to  the  loss  of  the  MSS.,  drawings, 
md  some  of  the  plates,  by  the  great  Boston  fire,  in  November, 
872.  A.  E.  V. 

20.  The  3Iarine  Mammals  of  th^  Northwestern  Coast  of  North 
imencfi  described  and  illustrated,  together  with  an  account  of 
he  American  Whale-fishery ;  by  Charles  M.  Scammon,  Captain 
7.  S.  Revenue  Marine.  San  Francisco  :  John  H  Carmany  &  Co. 
Ho. — ^Tbe  advance  copies  of  the  plates  of  this  work,  that  we  have 
«en,  are  highly  satL^factory,  and  considering  the  well  known  ability 
iiid  enthusiasm  of  the  author,  we  anticipate  that  the  book,  when 
-ompleted,  will  be  a  valuable  contribution  to  science,  in  a  depart- 
nent  which  is  still  very  imperfectly  understood,  and  of  great  im- 
)ortance  economically.  The  work  deserves,  and  should  receive, 
he  support  of  all  who  are  interested  in  promoting  the  study  of 
Statural  History.  It  is  to  be  illustrated  by  thirty  or  more  litho- 
^phic  plates,  and  is  offered  to  subscribers  at  the  very  low  cost 
»f  ten  dollars.  a.  k.  v. 

21.  Embryology  of  Terebratulina  ;  by  E.  S.  Morse.  From  the 
nemoirs  of  the  JBoston  Society  of  Natural  History,  vol.  ii,  p.  249- 
:64,  4to,  with  two  steel  plates.  December,  1873. — A  longer  no- 
ice  of  this  important  memoir  is  deferred  to  the  next  number. 

22.  Crustcu'ca  common  to  Lake  ISuperior  and  the  lakes  of  north- 
rn  Europe ;  by  S.  I.  Smith. — The  occurrence  of  Mysis  relicta 
jOxw  and  Pontoporeia  affinis  Lindstrom  in  Lakes  Superior  and 
klichigan  has  already  been  alluded  to  in  this  Journal  (vol.  ii,  pp. 
i7a  and  44s,  Nov.  and  Dec,  1871).  In  recently  examining  the 
ollection  made  in  Lake  Superior  in  1871,  under  the  direction  of 
be  Superintendent  of  the  Lake  Survey,  I  have  found  three  species 
>f  Cladocera  which  I  cannot  distinguish  from  species  described 
rom  the  lakes  of  northern  Europe.     Daphnia  galeata  G.  O.  Sars 
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and  D.  pellucida  V,  £.  M  Qller  were  taken  at  the  surface  a  few 
miles  south  of  the  island  of  St.  Ignace  and  also  came  up  in  the 
dredge  at  the  same  locality.  These  species  botli  agree  fully  with 
the  detailed  figures  and  descriptions  given  by  MttUer.* 

A  single  specimen  of  Leptoaora  hyalina  Lilljeborgf  came  up  in 
the  dredge  with  the  last  species  and,  like  them,  was  undoubtedly 
taken  in  the  dredge  on  its  way  up.  This  last  species  is  one  of  the 
largest  and  most  remarkable  forms  of  Cladocera  known.  It  is 
wholly  transparent  and  grows  to  fully  half  an  inch  in  length.  The 
shell  IS  very  small  and  incloses  no  part  of  the  body ;  the  head  with 
the  large  eye  at  its  extremity  is  produced  far  forward ;  the  basal 
portion  in  the  natatory  appendages  is  long  and  very  stout,  while 
the  rami  are  comparatively  short  and  four-jointed;  the  six  pairs  of 
legs  are  crowded  together  below  the  natatory  appendages ;  and  the 
abdomen  is  very  long  and  the  last  segment  terminates  in  two  stout 
stylets. 

23.  7%6  American  Limtdus  polyphemuB  ofi  the  Dutch  coast. — 
This  species  of  Limtilns,  familiarly  known  on  the  American  coast 
as  the  Horse-shoe  or  King-crab  was  taken  in  July  last,  acconling 
to  Mr.  Edward  Newman,  about  eleyen  miles  off  the  Shelling  Light 
on  the  Dutch  coast,  by  the  Yarmouth  trawl  boats.  Four  or  five 
haye  been  taken  in  all  during  the  summer.  One  is  reported  to 
have  been  captured  on  the  coast  of  North  Wales. —  l/arper*s 
IVeeklt/,  Jan.  24. 

III.    Astronomy. 

I.    Contributions  to  Solar  Physics,     L  A  popular  Account  of 
Inquiries  into  the  physical  constitution  of  the  Sun,  with  special 
reference  to    recent  Spectroscopic   Researches ;    II.  Communica- 
tions to  the  Royal  Society  of  London  and  the  French  Aca<iemy 
of  Sciences,  with  Notes.     Uj  J.  Norman'  Lockykr,  F.R.S.     Lon- 
don: Macmillan  and  Co.     1874.     pp.  xxi,  076,  8vo. — The  purpose 
of  this  l)eautiful  volume,  which  has  just  been  issued  by  Messrs. 
Macmillan  and  Co.,  is  sufficiently  indicated  in  the  above  title  to 
render  any  extended  notice  unnecessary.     The  first  pait  is  a  ]»opu 
lar  exposition  of  the  facts  and  principles  necessary  to  a  good 
understanding,  on  the  part  of  the  general  reader,  of  the  recent 
acquisitions  in  spectroscopy,  and  the  results  of  its  application  to 
the  study  of  solar  physics.     It  is  made  up,  for  the  most  part,  of 
lectures  of  the  author  delivered  at  the  Royal  Institution  and  else- 
where, upon  the  sun,  solar  eclipses,  and  the  spectroscope,  and  of 
essays  which  he  has  published  at  different  times  in  various  period- 
icals.    The  second  part  contains,  besides  the  numerous  papers  of 
the  author  giving  account  of  his  own  researches  and  discoveries, 
coi)ious  statements  of  the  part  other  investigators  have  had  in  the 
achievements  of  spectroscopic  analysis,  and  its  application.     The 

*  Denmark's  Cladocera,  Naturhistorisk  Tidsskrift,  III,  vol.  v,  p.  116.  117,  pi.  1, 
figs.  5,  G. 

f  Oversight  af  Kongl.  Vetenskaps-Akadcmiens  Forhandlingar,  1860.  p.  265,  pi. 
7,  figs.  1-22;  Miiller,  loc.  cit.,  p.  226,  pi.  6,  figs.  14-21. 
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work  18  enriched  with  numerous  illustrations  and  maps  of  spectra, 
and  much  new  matter  is  added  in  the  notes.  The  manner  in 
which  this  portion  of  the  work  is  made  up  gives  it  especial  value, 
as  it  is  not  a  mere  risumi,  but  gives  tne  original  papers  either 
fully,  or  in  extended  extracts.  Information  of  the  highest  interest 
is  thus  brought  to  readers,  to  most  of  whom,  perhaps,  the  original 
memoirs  are  inaccessible.  a.  w.  w. 

2.  I'/te  Analyst:  a  Monthly  Journal  of  Pure  and  applied  Math- 
eniatics  ;  edited  and  published  by  J.  E.  Hendricks,  A.M.,  Des 
Moines,  Iowa. — ^This  is  the  first  number  of  a  journal  "  intended 
to  afford  a  medium  for  the  presentation  and  analysis  of  any  and 
all  Questions  of  interest  or  importance  in  pure  and  applied  mathe- 
matics, embracing  especially,  all  new  and  interesting  discoveries 
in  theoretical  and  practical  astronomy,  mechanical  philosophy, 
and  engineering."  Each  number  is  to  consist  of  not  less  than 
sixteen  pages,  and  the  price  is  two  dollars  a  year.  Among  the 
articles  in  this  number  are :  the  relative  positions  of  the  asteroidal 
orbits,  by  Pro£  Kirkwood ;  the  recurrence  of  eclipses,  by  Prof. 
D.  Trowbridge;  operations  on  imaginary  quantities  considered 
geometrically,  by  Pro£  Henkle;  equations  of  differences,  by  Mr. 
Siverly  ;  relation  between  the  mean  and  true  anomaly,  by  I*roC 
Fickli'n  ;  etc.  A  journal  covering  this  field  is  needed  m  this 
country,  and  we  most  heartily  wish  it  the  highest  success. 

'^.  An  investigation  of  the  Orbit  of  Uranus^  with  general 
tables  of  its  Motio7i ;  by  Simon  Newcomb,  Prof.  Mathematics, 
U.  S.  N.  Smithsonian  Contributions.  4to,  pp.  288. — The  first 
chapter  of  this  elaborate  work,  is  a  developmi*nt  of  a  method  of 
determining  the  pertubations  of  the  longitude,  radius  vector  and 
latitude  of  a  planet  by  direct  investigation.  This  theoiy  is  then 
applied  to  the  action  of  the  three  other  large  planets  upon  Uranus. 
An  exhaustive  discussion  of  all  the  good  observations  of  the 
planet  from  1690  onward,  and  extended  tablrs  of  its  motion  com- 
plete the  work. 

4.  Astronomical  Suggestions  ;  by  H.  M.  Pakkhi  rst.— (1.)  By 
the  method  of  "  extinguishing  apertures,"  accuracy  of  results  can 
only  be  obtained  with  a  perfectly  dark  field.  It  is  evident  that  a 
star  is  more  easily  seen  in  a  black  field  than  in  one  which  is  ilhi- 
minated ;  and  that,  with  an  equal  magnifying  power  the  illumina- 
tion will  vary  in  proportion  to  the  aperture.  The  error  may  ex- 
ceed one  magnitude. 

(2.)  A  transit  may  be  observed  by  the  spectroscope  when  there  is 
a  near  approach  but  no  actual  contact.  This  method  will  not  be 
applicable  to  a  transit  of  Venus  before  the  year  2490 ;  but  may 
w  applied  to  transits  of  Mercury  or  the  moon.  Mercury  in  the 
conjunction  of  Nov.,  1874,  will  pass  near  the  sun's  limb,  but  prob- 
ably not  near  enough  to  be  seen. 

6.  Astronomical  Engravings  from  the  Observatry  of  Harvard 
College. — We  omitted  to  notice  some  wrecks  since  the  receii)t  of 
Nos.  20-22  of  this  series  (see  this  Journal,  v,  319),  which  contain 
representations  of  the  lunar  mountains  Linn6,  Gassendi,  Plato, 
Aristarchus  and  Herodotus,  a  key  to  the  lunar  surface,  and  four 
riewB  of  the  planet  Mars. 
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G.  Tableau  de  V Astronomic  dans  VHimisphire  Awftral  et  dans 
rinde  ;  by  Dr.  E.  Mailly,  Bruxelles,  8vo,  pp.  232.  Extract  from 
the  23d  vol.  of  Memoirs  of  the  Royal  Academy  of  Belgium. — This 
ifi  ail  interesting  and  minute  account  of  the  equipment  of  all  the 
observations  in  the  southern  hemisphere  and  India,  with  the  work 
accomplished  in  each  from  Halley's  formation  of  a  catalogue  at 
St.  Helena  in  1677,  of  341  southern  stars,  to  the  establishment  of 
the  observatory  at  Cordoba,  by  Dr.  Gould. 

7.  Aurora  Australis, — The  Aurora  was  seen  at  Sandhurst  in 
Victoria,  on  the  19th  of  May,  1873,  at  10  p.  m. — Monthly  Record 
Melbourne  Observatory^  during  May^  1878. 

IV.   Miscellaneous  Scientific  Intelligence. 

1.  American  Metrological  Society.— On  the  30th  of  December, 
a  number  of  gentlemen  met  at  Columbia  College,  pursuant  to  a 
call  issued  by  l^res.  F.  A.  P.  Barnard,  and  formed  the  American 
Metrological  Society.  Hon.  J.  A.  Kasson  presided,  and  a  con- 
stitution was  adopted  and  officers  elected.  The  objects  of  the 
society  are  stated  to  be  to  originate  measures  or  to  aid  in  promot- 
ing measures  elsewhere  originating,  designed  to  improve  the  sys- 
tem of  weights,  measures,  and  moneys  at  present  existing  among 
men,  and  to  bring  the  same  into  relations  of  simple  commensura- 
bility  with  each  other. 

An  object  secondary  to  this  will  be  to  secure  the  universal 
adoption  of  common  units  of  measures  for  the  expression  of  quan- 
tities which  require  to  be  stated  in  presenting  the  results  of  physi- 
cal observation  or  investigation,  and  for  which  the  ordinary  sys- 
tems of  metrology  do  not  provide — such  as  the  divisions  of  the 
barometer,  thermometer,  and  densimeter ;  the  amount  of  work  done 
by  machines  ;  the  amount  of  mechanical  energy,  active  or  poten- 
tial, of  bodies,  as  dependent  on  their  motion  or  position ;  the 
quantities  of  heat  present  in  bodies  at  given  temperatures  or 
generated  by  combustion  or  otherwise ;  the  quantity  and  intensity 
of  electro-dynamic  currents ;  the  aggregate  or  efficient  power  of 
prime  movers  ;  the  acct4erative  power  of  gravity  ;  the  pressure  of 
steam  and  of  the  atmosphere,  and  other  matters  analogous  to 
these.  The  Association  will  endeavor  also  to  secure  uniformity 
of  usage  in  regard  to  standard  points  of  reference,  or  to  those 
physical  conditions  to  which  observations  must  be  reduced  for 
purposes  of  comparison,  especially  the  temperature  and  pressure 
to  which  are  referred  the  specific  gravities  of  bodies  and  the  zero 
of  longitude  on  the  eai*th.    The  following  officers  were  chosen: 

President^  Dr.  F.  A.  V.  Barnard;  Vice-President^  Hon.  John  A. 
Kasson ;  liecording  Secrttury^  Prof  C.  G.  Kockwood.  Jr. ;  Cor- 
responding /Secretary,  Prof.  S.  1).  Tillman ;  Treasurer^  Howard 
Potter,  Esq. ;  Council,  S.  B.  Rugglos,  Esq.,  Profs.  H.  A.  Newton, 
T.  R.  Pynchon,  J.  E.  Hilgard,  Wolcott  Gibbs,  and  C.  S.  Lyman, 
E.  B.  Elliott,  Esq.,  Profs.  J.  P.  Cooke,  K.  W.  Raymond,  and  R. 
H.  Thurston. 
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2.  Gold  and  Silver  production  in  1873. — Mr.  John  J.  Valen- 
TDTB,  General  Superintendent  of  Wells,  Fargo  &  Co.  £xpres6 
agency,  through  whose  hands  most  of  the  bullion  of  the  Pacific 
coast  of  North  America  passes,  has  furnished  the  '' Alta  Califor- 
nia," of  Jan.  1,  1874,  with  the  following  tabular  statement  of  the 
precious  metals  for  1873. 

Stakment  of  Fredoua  MekUa  produced  in  States  and  T&nritoriea  West  of  Miaaowri 

Rwer^  during  1873. 


> 

StotM  and  TerritorleB. 

Gold  Dnat 
and  BalUon 
by  BzpreM. 

Gold  Dnat 
aod  BollioD 

by  other 
conreyancet. 

SilTer  BnllloD 
by  Ezpreaa. 

Ores  and 
Baae  Bul- 
lion by 
Freight. 

Total. 

Oalifomia 

Nev»d«       

$15,709,956 

219,141 

1,146,991 

171,951 

1,171,131 

3,241,238 

112,003 

37,074 

1,856,639 

i,"04V,696 

$1,570,995 

43,828 

229,398 

34,390 

234,226 

648,247 

22,400 

7,415 

"  208,339 

$     264,771 
30,183,921 

""'¥,064 

938,297 

3.325 

1,210,434 

3,289 

839,862 

868,798 

$480,000 
4,807,617 

$18,025,722 

35,254,507 

1.376.389 

Ormpon 

Washington 

--.*-.          209,395 

2,343,654 

3,892,810 

3,561,500      4,906,237 
47,778 

1,386,767       4.083.268 

Montana 

Utah 

Arizona 

Colorado 

Mexioo 

868,798 
1,250,0)5 

Britiah  Columbia.. 

Total 

t72.258.693 

•w         1              1      ~       1 

This  aggregate  is  over  $10,000,000  in  excess  of  the  like  state- 
ment for  1 872.  The  increase  in  Nevada  alone  is  nearly  $10,000,000, 
and  the  total  product  of  Nevada  nearly  equals  that  of  all  the  oth- 
ers. Arizona,  California,  British  Columbia,  Oregon,  Washington, 
Idaho  and  Montana  have  diminished.  Nevada,  Utah  and  Colorado 
increased.  Arizona  is  imperfectly  represented,  but  her  entire  pro- 
duction is  small  at  most.  The  production  of  Mexico  is  represented 
very  imperfectly  and  in  silver  only,  because  the  great  bulk  of  the 
bullion  of  Mexico  reaches  market  by  other  channels  than  Wells, 
Fargo  &  Co.,  who  report  only  what  they  have  themselves  trans- 
ported. The  combined  product  of  all  shows  for  1872, 1562,236,913 
and  for  1873,  $72,258,693,  which  exceeds  the  product  of  any  pre- 
vious year  for  these  regions. 

3.  United  States  Geological  Survey  of  the  Territories, — The 
United  States  Geological  Survey  of  the  Territories  has  in  press  at 
this  time,  at  the  Government  Printing  office,  the  following  works. 

A  volume  on  the  Ornithology  of  the  northwestern  territories. 
It  has  been  prepared  by  Dr.  E.  Coues,  the  well  known  ornitholo- 
gist. The  synonomy  has  been  worked  out  with  care  and  the 
descriptions  are  given  of  four-fifths  of  the  birds  known  to  exist 
went  of  the  Mississippi.  The  volume  will  form,  No.  3  "Miscella- 
neous Publications,"  and  wnll  contain  from  800  to  1 000  pages,  8vo. 
It  will  not  be  readv  for  distribution  before  Spring. 

No.  4  of  the  "  Miscellaneous  Publications,"  the  Synopsis  of  the 
Flora  of  Colorado  by  Prof.  T.  C.  Porter  and  John  M.  Coulter,  is 
in  type  and  will  be  ready  in  a  few  days.  It  will  form  an  octavo 
volume  of  about  250  closely  printed  pages,  and  contain  a  list  of 
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over  1 400  species.  "  The  plan  followed  in  the  Synopsis  is,  that  of 
Mr.  Watson  in  his  excellent  Catologue  vol.,  5,  of  Clarence  King's 
Report.  Descriptions  are  given  of  all  the  orders,  genera  and  spe- 
cies not  contained  in  Gray's  Manual,  Chapman's  1  lora,  and  other 
Botanies  of  the  States  east  of  the  Mississippi  river."  The  mosses, 
lichens,  and  Fungi  are  included.  About  fourteen  new  species  are 
here  described  for  the  first  time.  The  work  will  form  a  convenient 
hand-book  for  botanical  tourists  to  the  mountainous  districts  of 
Colorado. 

Volume  vii  of  the  quarto  series,  on  the  Cretaceous  Flora  of  the 
West,  prep.ired  by  Leo  Lesquereux,  will  be  ready  for  the  printer 
by  tlie  end  of  January.  The  plates,  28  in  number,  have  been 
engraved  on  stone  by  Mr.  Julias  Bien,  of  New  York,  and  will  be 
printed  in  tints. 

It  is  stated  to  be  the  intention  of  the  Survey  that  the  quarto 
series  shall  be  published  in  the  best  style,  both  as  to  printing, 
qualitv  of  paper,  and  character  of  illustrations. 

4.  Pirst  Jiipok  of  Otology  ;  by  Wiluam  S.  Davis,  LL.D.,  Head 
Master  of  the  Derby  Central  School  of  Science.  160  pp.  12mo, 
with  115  illustrations.  —  Putnam's  Elementary  Science  Series. 
New  York  (G.  P.  I^utnam's  Sons).  Reprinted  from  the  English 
edition.  A  good  little  geological  school  book,  based  in  its  strati- 
graphical  and  historical  part  mainly  on  facts  in  British  geology. 

5.  Das  JiJlbthalgebirge  in  Sachsen  von  Dr.  11.  B.  Gkinitz. 
Cassel,  1873.  (Theodore  Fischer.) — ^The  sixth  number  of  Part  I, 
and  the  third  of  Part  II,  of  Dr.  Geinitz's  important  work  have 
been  issued.  The  former  contains  a  continuation  on  the  Pelecy- 
poda  of  the  Lower  Quader  (Middle  Cretaceous)  and  is  well  illus- 
trated by  seven  quarto  plates,  partly  by  Miss  Elise  Geinitz.  The 
latter  treats  of  sj)ecies  of  the  same  tribe  from  the  Middle  and 
Upper  Ciuader  (Upper  Cretaceous)  and  includes  six  plates. 

»5.  Arade^ny  of  Sciences  of  France, — J.  Norman  Lockyer  has 
been  elected  a  correspondent,  to  fill  the  place  rendered  vacant  in 
the  Astronomical  section  by  the  death  of  Encke:  and  Messieurs 
Angstrom  and  Billet  in  place  of  Hansteen  and  Wheatstone. 

ReliquisB  Aquitanicse,  boing  contributions  to  the  Archfleologj  and  Palaeontologj 
of  Perigord  and  the  adjoining  provinces  of  Southern  France ;  by  JSdouard  Lartet 
and  Henry  Christy ;  edited  by  Thomas  Rupert  Jones,  R.S.  and  G.S.,  etc.  Part  XIII, 
Nov.,  1873;  pages  173>188  and  153-164.  Plates  A.  xxxvii-xxjdx,  and  B  zxv- 
zxvii.    This  new  number  of  the  Reliquiss  Aquitanicse  baa  recently  been  received. 


ERRATA. 

Vol.*  V,  p.  432,  2 2d  line  from  foot,  for  synclinal,  read  anticlinal 

p.  419,  line  4  from  foot,  for  14-51  read  14*15. 

p.  424,  line  11  from  foot,  dele  "  and  subtracting  1.*' 

p.  425,  in  the  note  read — Q  in  this  paper =iy  of  Maxwell;   Q'=Q  of  Maxwell; 

4jrM=,^  of  Maxwell;  --  -M=3  of  Maxwell. 
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Abt.  XVIL — On  the  great  Lava-flood  of  the  West;  and  on  the  sirue- 
tare  and  Age  of  the  Cascade  Mountains  ;  h^  JOSEPH  LeConts, 
Professor  of  Geology,  University  of  California. 

During  the  past  summer,  I  made  a  geological  tour  through 
portions  of  central  and  eastern  Oregon,  the  principal  object  of 
which  was  to  examine  the  great  lava-flood  which  covers  this 
r^on,  and  more  especially  to  study  the  structure  and  deter- 
mme  the  a^e  of  the  Cascade  Mountains.  In  this  tour  I  was 
accompanied  and  greatly  assisted  by  Rev.  Mr.  Condon  of  the 
Dalles^  a  man  widely  known  and  greatly  honored,  no  less  for 
his  disinterested  courtesy  than  for  his  extensive  knowledge  of 
the  geology  of  this  portion  of  the  Stata  Two  years  before,  I 
went  over  nearly  the  same  ground,  and  also  extended  my  obser- 
vations into  Washington  and  British  Columbia.  The  purpose 
of  my  last  visit  was  to  solve,  if  possible,  some  of  the  questions 
started  in  the  first  visit 

L   7%€  great  LavorfioodJ^ 

Extent — As  already  stated  in  my  paper  on  the  "  great  fea- 
tures of  the  earth  surface, "f  this  is  probably  the  most  extraor- 
dinary lava-flood  in  the  world.  Commencing  in  middle  Cali* 
fomia  as  separate  streams,  in  northern  California  it  becomes  a 
flood  flowing  over  and  completely  mantling  the  smaller  ine- 
qualities,  and  flowing  around  the  greater  inequalities  of  surface, 
while  in  northern  Oregon  and  Washington  it  becomes  an  abso- 

*  I  me  the  word  lava  here,  and  elsewhere  in  this  paper,  m  8700117100110  with 
wupUve  rocke. 
f  This  Joomsl,  voL  iv,  p.  470. 
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lutely  universal  flood,  beneath  which  the  whole  original  face 
of  the  country,  with  its  hills  and  dales,  mountains  and  valleys, 
lies  buried  several  thousand  feet  It  covers  the  greater  portion 
of  northern  California  and  northwestern  Nevada,  nearly  the 
whole  of  Oregon,  Washington  and  Idaho,  and  runs  far  into 
Montana  on  tne  east  and  British  Columbia  on  the  north.  Its 
eastern  and  northern  limits  are  not  well  known,  but  its  extent 
cannot  be  less  than  200,000  to  800,000  square  miles,  i  e, 
greater  than  the  whole  area  of  France,  or  nearly  double  the 
area  of  California. 

Source. — This  immense  mass  of  liquid  matter  was  derived 
from  streams  which  issued,  as  I  believe,  fromfissurea ;  some  of 
them  in  the  Coast  Range,  but  mostly  in  the  Cascade  and  Blue 
Mountain  Ranges.  The  streams  from  these  two  latter  sources 
especially  flowed  until  they  met  and  formed  an  almost  uni- 
versal sheet 

Thicknesa, — The  greatest  eruptive  activity  seems  to  have  been 
in  the  region  of  the  Cascade  Range,  and  here  therefore  the  flood 
seems  to  have  reached  its  greatest  depth.  The  area  covered  by 
the  Cascade  flows  alone  cannot  be  less  than  .  00,000  square 
miles  and  the  extreme  thickness  is  not  less  than  8700  feet  The 
average  thickness  over  the  whole  area  is  pn)bably  2,000  feet 
As  this  seems  an  extraordinary  statement,  we  will  briefly  give 
the  evidence  on  which  it  rests. 

The  Columbia  River,  in  its  way  from  the  interior  plains?  to  the 
sea,  cuts  through  the  Cascade  Ibinge  nearly  to  its  very  base  ;  for 
in  this  region  tne  river  surface  is  not  more  than  100  feet  above 
the  sea  level.  In  all  this  portion  of  its  course,  for  100  miles, 
the  river  runs  in  a  gorge,  the  perpendicular  cliffs  of  which  give 
a  magnificent  section  of  the  Cascade  Ran^e  from  top  to  bottom. 
At  the  cascades  of  ttie  river,  which  are  m  the  very  axis  of  the 
range,  the  cfilf  peaks  have,  many  of  them,  been  measured  by 
the  U.  S.  engineers  connected  with  the  Pacific  Railroad  explora- 
tions. They  vary  from  2,500  to  8,800  feet  above  the  river  sur- 
face For  twenty  miles  above  and  below  this  point,  the  higher 
peaks  rise  to  2,000  feet  This  grand  section  reveals  the  fact 
that  this  mighty  range  is  composed  wholly  of  lava,  tier  upon 
tier,  from  top  to  bottom.  In  one  place  only,  viz :  in  the  axis 
of  the  range,  and  that  only  for  about  two  miles  along  the  river, 
is  the  bottom  of  the  lava  reached  by  erosion.  Here  then,  leav- 
ing off  100  feet  of  the  underlying  rock,  which  we  will  describe  ' 
hereafter,  we  have  a  clear  section  of  8,700  feet  of  lava.  And 
when  we  recollect  that  these  peaks  themselves  are  produced 
wholly  by  unequal  erosion,  as  is  plainly  shown  by  the  contin- 
uity of  tne  planes  of  the  lava  layers  from  peak  to  peak,  surely 
4,000  feet  is  a  moderate  estimate  for  the  original  thickness  of 
the  lava  flood  at  this  part 
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Nor  ifl  this  thickness  very  exceptional  for  the  lava  of  the 
Cascade  Bange.  We  have  already  said  that  the  higher  points 
of  the  lava  cliffs  of  the  Columbia  caiion  for  near  fifty  miles 
are  not  less  than  2,000  feet  But,  in  order  to  make  this  clearer, 
we  will  take  another  section  which  we  examined,  at  some  dis- 
tance both  from  the  axis  of  the  range  and  from  the  Columbia 
River,  viz :  the  Des  Chutes  River  section. 

The  Des  Chutes  River  is  a  large  tributary  of  the  Columbia, 
which,  rising  in  southern  Oregon,  flows  northward,  parallel  to 
the  Cascade  Range  on  the  east  side  and  at  a  distance  from  its 
axis  of  at  least  fitly  miles.  The  region  lying  between  the  cnst 
of  the  Cascade  ana  the  Des  Chutes  River  is  mountainous ;  but 
this  mountainous  region  stops  suddenly  at  the  river,  and 
beyond  stretches,  as  fiir  as  the  eye  can  reach,  a  nearly  level  lava- 
covered  plain.  Right  along  tne  line  of  contact  oetween  the 
mountain  and  the  plain,  the  river  has  cut  for  itself  for  more 
than  100  miles,  a  aeep,  extremely  narrow  gorge  (fig.  1,  a,  6,  c) 
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with  nearly  perpendicular  walls  1,000  feet  high,  formed  wholly 
of  beautifully  columnar  basalt,  arranged  tier  upon  tier,  from 
bottom  to  top,  the  hardest  and  most  beautifully  columnar  of 
all  being  in  the  bed  of  the  river ^  c  Back  from  the  edge  of  this 
precipice,  on  the  east  side,  a,  runs  the  plains,  but  on  the  west 
side,  6,  at  tJie  point  examined  by  me — the  upper  bridge — ^the 
ground  continues  to  rise  with  a  gentler  slope  abput  1,000  feet 
more,  to  the  top  of  Des  Chutes  hill,  d  Throughout  the 
whole  height,  from  the  river  bed  to  the  top  of  Des  Cnutes  hill, 
the  edges  of  lava  layers  outcrop.  I  do  not  know  the  precise 
height  of  this  hill  above  the  river,  but  it  cannot  be  less  than 
2,000  feet  I  believe  it  is  nearer  3,000  feet  Here  then  we 
have  again,  at  a  point  50  miles  distant  from  the  axis  of  the 
range  and  80  miles  from  the  Columbia  River,  a  clear  section 
of  basaltic  lava  2,000  to  3,000  feet  thick,  and  the  bottom  not  yet 
reached 

Beyond  the  Des  Chutes,  a  nearly  level  lava  plain,  covered 
only  with  northern  drift,  stretches  away  eastward  for  30  or  40 
miles.  This  plain  is  intersected  in  all  directions  with  deep, 
narrow  stream-gorges,  which  do  not  reach  the  bottom  of  the 
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lava.  Over  the  whole  plain  the  lava  cannot  be  less  than  1,000 
feet  thick.  Beyond  the  Des  Chutes  plains  and  separated  from 
them  by  a  lava  ridge,  stretches,  for  twenty  miles  more,  to  the 
base  of  the  Blue  Mountains,  the  region  drained  by  the  tributa- 
ries of  the  John  Day  River.  Here  the  flows  from  the  Cascades 
meet  and  mingle  with  those  from  the  Blue  Mountaina,  and  both 
with  heal  fissure  eruptions.  The  lava  in  this  r^ion  is  less 
thick,  only  about  600  to  700  feet ;  and  being  underlaid  by  the 
remarkable  fossiliferous  Miocene  lake  deposit  of  the  John  Day 
Valley,  erosion  has  cut  through  the  lava  cap  into  the  soft  strata 
beneath,  giving  rise  to  that  extraordinary  jumble  of  steep 
round  hills,  some  capped  with  lava  and  some  uncapped,  called 
in  the  expressive  vernacular,  "the  devils  potatoe  patch." 
Imagine  a  patch  twentv  miles  square,  thickly  covered  witn  pota- 
toe hills  1,000  feet  high,  and  we  have  some  idea  of  the  extraor- 
dinary appearance  of  this  region,  as  seen  from  the  dividing  ridge 
mentioned  abova 

Beyond  this  reffion  I  have  not  followed  the  lava  flood ;  but 
others  have  traced  it  over  a  large  part  of  the  basin  of  the 
Columbia  and  especially  of  the  Snake  River.  Clarence  Kintr 
traced  it  for  300  miles  along  the  Snake  River,  where  it  is  700 
feet  thick. 

XL  Structure  of  the  Cascade  Mountains, 

The  Cascade  Mountains,  in  the  region  of  the  Columbia  River, 
with  the  exception  of  a  very  small  portion  at  its  very  base  and 
in  its  axis,  is  composed  wnolly  of  lava  layers  pilea  one  atop 
another  to  a  height  of  nearly  4,000  feet  Through  this  im- 
mense mass  of  lava,  the  river,  whether  in  the  form  of  ice-stream 
or  water-stream,  or  both,  has  cut  its  way  for  100  miles  nearly 
to  the  sea-level,  forming  a  cafion  of  unsurpassed  magniflcence 
At  the  cascades  of  the  river,  which  is  in  the  very  axis  of  the 
range,  the  base  of  the  lava  has  been  reached  for  a  little  dis- 
tance, and  the  original  surface  upon  which  the  lava  was  outpoured 
is  revealed.  Examination  of  the  sub-lava  material  fixes,  I  think, 
with  more  certainty  than  has  yet  been  done,  the  date  of  the 
Cascade  lava-flood,  and,  therefore,  the  age  of  the  Cascade 
Mountains.  This  point  is  so  important^  that  I  must  give  the 
evidence  in  some  detail. 

In  August,  1871,  under  the  ^idance  of  Mr.  Condon,  I  first 
examined  the  magnificent  section  of  the  Cascade  Mountains 
made  by  the  Columbia  River  at  this  point  The  navigation  of 
the  river  is  obstructed  here  by  a  succession  of  rapids  (called 
the  Cascades),  by  which  it  falls  about  50  feet  in  three  miles. 
The  upper  and  lower  steamboat  landings  are  connected  by  a 
short  railroad  on  the  northern  or  Washington  side.  The  river 
current  washes  strongly  against  the  south  wall  of  the  cafion, 
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forming  a  perpendicular  cliflF  on  that  side.  The  point  first 
visited  by  us  was  nearly  opposite  the  lower  steamboat  landing. 
'I'he  section  here  revealed  is  of  the  extremest  interest  In  figs. 
2  and  3  I  give  rude  sketches  of  the  face  of  the  cliff  (Qg.  2)  and 


2. 


of  a  section  at  right  angles  to  the  face  (fig.  3).     These  sketches 
make  no  attempt  at  accuracy  in  form  or  proportion.     They  are 


3. 


— I 


merely  diagrams  intended  to  render  the  following  description 
more  easily  intelligible. 

1.  Along  the  water's  edge,  1 1,  and  upward  about  15  feet,  we 
found  a  very  coarse  conglomerate  (a)  of  rounded  porphyritic 
pebbles  and  boulders  of  all  sizes  up  to  five  or  six  feet  in  diam- 
eter, cohering  by  an  imperfectly  lithified  earthy  paste. 

2.  The  conglomerate,  a,  was  limited  above  by  a  very  distinct 
irregular  dark  line,  6,  traceable  for  a  mile  or  more  along  the 
river,  which  had  all  the  characters  of  a  dirt-bed  or  old  ground 
surfaca  On  this  ground  surface  were  found  in  an  erect  position 
two  silicified  stumps,  with  their  roots  spread  out  and  penetrat- 
ing the  boulder  material,  a,  beneath,  and  therefore  evidently  in 
Situ,  One  of  these  is  at  least  two  feet  in  diameter,  ana  its 
spreading  roots  could  be  traced  over  an  area  of  20  feet  diam- 
eter. The  roots  of  the  other  and  smaller  one  was  traceable 
four  or  five  feet  Besides  these  two,  there  were  three  other 
vertical  trunks  in  the  overhanging  cliff,  the  roots  of  which  I 
suppose  had  been  washed  away  by  the  river  at  high  water. 
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I  have  indicated  these  also  in  the  figures.      7%«  dark  line,  b^ 
was  certainly,  therefore,  an  old  foreat-ffround  surface, 

8.  Resting  directly  on  this  ground  surface,  and  therefore 
enclosing  the  erect  stumps,  was  a  layer  of  stratified  sandstone, 
c,  two  or  three  feet  thicK,  filled  with  beautiful  impressions  of 
leaves  of  several  kinds  of  forest  trees,  possibly  of  the  very  trees 
about  whose  silicified  bases  they  are  found.  This  layer  is  not 
continuous  like  the  ground  surface  on  which  it  resta 

4.  Above  this  stratified  leaf-bearing  layer  rests  a  coarse  cod- 

f;lomerate,  (f,  100  feet  thick,  similar  to  the  conglomerate  a,  but 
ess  coarse,  and  difiering  in  being  coarsely  and  irr^ularly  strat- 
ified in  places,  like  modified  drifi;  in  fact,  undistinguishable 
from  much  of  what  is  called  northern  drift  except  that  it  is  par- 
tially cemented.  Scattered  about  in  the  lower  part  of  the  con- 
f;lomerate,  d,  and  in  the  stratified  sandstone,  c,  and  sometimes 
ying  on  the  dii*t-bed,  6,  are  fragments  of  trunks  and  branches 
of  oaks  and  conifers,  in  a  silicified  or  lignitized  condition.  They 
are  evidently  silicified  drift-tvood. 

5.  Above  the  conglomerate  surface,  e,  and  a  little  back  from 
the  river,  rise  the  layers  of  lava,  mostly  columnar  basalt,  one 
above  another,  to  a  height,  at  this  point,  of  8,800  feet 

Such  is  a  brief  but  accurate  description  of  the  cliflF  exposed 
by  the  Columbia  River  at  the  Cascades.  My  interpretation  of 
these  facts  was  then,  as  it  is  now,  that  the  conglomerate  under- 
lies the  lava,  and,  therefore,  that  the  leaf-bed  determines  approx- 
imatively  the  age  of  the  Cascade  Range.  But,  as  the  actual 
contact  of  the  basalt  and  the 
conglomerate  was  not  then 
seen,  subsequent  reflection 
raised  a  slight  doubt  in  my 
mind  whether  the  conglome- 
rate, instead  of  underlying, 
and  therefore  preceding  the 
lava,  may  not  oe.  in  fact,  a 
subsequent  river  drift-deposit — 
a  bluff*  deposit — overlying  the 
lasalt  and  concealing  the  lower  portion  of  its  face,  as  shown  in 
the  diagram,  lig.  4.  Which  of  these  diagrams  (fig.  8  or  fig.  4) 
represent  the  true  relation  of  the  basalt  and  conglomerate? 
Before  publishing  anything  on  the  subject,  therefore,  I  deter- 
mined first  to  settle  this  point  definitely. 

With  this  object  I  revisited  the  locality  in  August  last;  and 
after  confirming  my  previous  observations  and  collecting  a 
number  of  tine  leaf  impressions  and  fragments  of  silicified 
wood,  I  went  up  the  stream-beds  of  three  of  the  creeks  which 
run  into  the  Columbia  River  at  this  point;  one  of  them,  Rock 
Creek,  from  the  north,  and  two,  Tanner's  Creek  and  Deadman's 
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Creek,  from  the  south.  As  these  streams  run  at  right  angles 
to  the  course  of  the  main  river,  thej  give  actual  sections  some- 
what similar  to  the  ideal  section,  fig.  8,  Moreover,  as  the 
stream-beds  rise  rapidly  as  we  go  up  stream,  I  hoped  to  find 
in  the  stream-beds  the  actual  contact  of  the  basalt  with  the 
conglomerate  As  we  shall  see,  my  hopes  were  completely 
realized. 

The  creek  first  ascended  was  Bock  Creek.  It  runs  in  from 
the  Washington  side,  near  the  upper  steamboat  landing.  We 
had  cot  gone  far  up  the  stream  before  we  found  the  conglome- 
rate, already  described,  forming  the  bed  and  clifis  of  the  stream. 
Petrified  drifWood  was  found  in  abuadance  sticking  in  the 
conglomerate,  and  washed  out  and  strewed  in  the  coarse  of 
the  stream,  thus  becoming  drift  a  second  time.  Some  of  these 
drifted  fragments  were  of  enormous  size,  trunks  four  feet  in 
diameter,  five  to  six  feet  long  and  many  tons  weight  A  little 
farther  up  the  gorge  the  stream  fallsperpendicularly  about  160 
feet,  over  the  upper  and  more  firmly  cemented  portion  of  the 
conglomerate,  upon  the  sofler  portion  of  the  same  beneath.  On 
one  aide  of  the  ravine,  just  below  the  fall,  is  exposed  an  admir- 
able section,  showing  the  baealt  rating  directly  on  the  eoTigiome- 
rate.  In  fig.  5  I  give  a  rough  sketch  of  this  section,  made  on 
the  spot  The  perpendicular  height  of  the  section  is  aboat  200 
feet 


.  Clif  oa  Rode  Oretk. —  a  a,  pebble-conglomsnte  oantainiDg  silicifled  drift- 
wood ;  b  b,  stratifled  bbiuIb  and  cUja ;  e  c,  irregular!;  columoar  bss&lt ;  d  d, 
raperfldkl  nncementad  drift 

On  the  south  or  Oregon  side,  as  already  stated,  we  ascended 
two  streams,  but  the  most  interesting  was  Tanner's  Creek. 
This  stream,  for  about  three  miles  of  its  lower  course,  runs  in 
a  magnificent  gorge,  composed  of  conglomerate  cliffs  capped 
with  towering  summits  of  basalt  For  some  time  the  contact 
of  these  was  not  visible,  being  concealed  by  debris.  But  as 
the  stream-bed  rises  the  contact  was  approached,  and  finally 
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reached  alx>ut  three  miles  from  the  river.  At  this  point,  the 
lower  and  deeper  goi^e  ia  blocked  by  a  perpendicular  wall  of 
basalt,  over  which  the  stream  precipitates  itself  as  a  fcill  250- 
800  feet  high  The  gor^e,  the  clitfs  with  their  summits  tower- 
ing 3000  feet  or  more,  the  perpendicular  basaltic  wall,  and  the 
fall  with  its  cloud  of  spray,  tne  fresh  greenness  of  ferns  con- 
trasted with  the  rich  purple  of  rocks,  together  form  one  of  the 
loveliest  scenes  I  have  ever  looked  upon.  From  the  top  of  the 
fiills  runs  back  a  leas  deep  gorge,  formed  wholly  of  basalt  The 
same  is  true  of  all  the  streams  which  run  into  the  Columbia 
River  in  this  axial  region  of  the  Cascade  Range:  they  run  in 
lava  gorges  in  the  upper  portion  of  their  course,  then  fall  over 
a  perpendicular  basaltic  cliff  on  to  the  oonglomerate  beneath, 
and  then  finish  their  course  in  this  latter  rock.  The  vertical- 
ity  of  the  fall  is  evidently  the  result  of  the  more  rapid  wearing 
of  the  softer  underlying  conglomerate,  and  ia,  therefore,  itself 
a  convincing  proof  of  this  relative  position.  But  we  are  not 
left  to  inference  on  this  point,  for,  in  every  stream-bod  ascended, 
but  especially  in  that  of  Tanner's  Creek,  ^  actual  contact  was 
distiTKUy  seen.  Evidently  then  fig,  3  represents  truly  the  rela- 
tion of  the  lava  to  the  conglomerate. 

After  returning  from  the  examination  of  Tanner's  Creek,  we 
found  still  another  point  where  the  junction  is  exposed  by  the 
Columbia  River  itself.  Since  the  Columbia  River  shows  the 
conglomerate  on  its  south  bank  only  for  about  two  miles,  it  is 
evident  that  if  the  conglomerate  underlies  the  lava  ai>d  is 
exposed  only  by  erosion,  tne  point  of  junction  must  be  reached 
by  ascending  the  stream;  and  on  the  Oregon  side,  where  the 
river  washes  against  steep  cliffs,  ought  to  be  visible^  Walking 
up  the  abandoned  railroad  on  this  side,  we  found  at  Tooth  Brtdgt 
wnat  we  sought  Here  a  perpendicular  cliff  of  magnilicently 
columnar  basalt  comes  down 
directly  into  deep  water  of 
the  river.  At  low  water,  i.  e., 
in  late  summer,  when  we  vis- 
ited it,  about  three  feet  of  the 
cliff  next  the  water  ia  com- 
posed of  conglomerate,  a  a, 
ng.  6,  and  the  long,  slender, 
gently  curved  .lud  very  per- 
fect basaltic  columns,  b  o.  are  seen  to  rest  directly  on  iiie  con- 
glomerate. 

Everywhere  the  general  character  of  the  conglomerate  was 
found  the  same.  Everywhere  it  ia  composed  of  rounded  por- 
phyritic  pebbles  and  boulders  of  all  sizes,  in  a  more  or  less 
cemented  earthy  paste.  In  many  places  it  was  affected  with 
irregular  stratincatioD,  and  in  such  cases  it  nearly  always  con- 
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tained  petrified  drift  wfx)d.  But  erect  stumps  and  leaf  impres- 
sions, though  diligently  searched  for,  were  found  only  at  the 
locality  first  mentioned. 

There  is  still  another  fact  observed  which  has  an  important 
bearing  upon  the  age  of  the  lava-flow.  Going  up  Tanner's 
Creek,  the  rising  stream-bed  reaches  the  upper  surface  of  the 
conglomerate  first  about  two  miles  ftom  the  main  river.  From 
this  point,  although  the  stream-bed  continues  to  rise  quite  rap- 
idly, the  surface  of  the  conglomerate  again  rises  far  more 
rapidly  until  it  reaches  a  height  of  200  feet  above  the  stream^ 
and  then  comes  down  again  to  the  stream  at  the  falls,  where  the 
contact  is  most  clear.  Again,  at  the  point  first  examined  (fig. 
2),  the  upper  surface  of  the  conglomerate  is  120  feet  or  more 
above  the  river,  while  it  comes  down  to  the  water's  edge  at 
Tooth  Bridge  (fig.  6),  a  mile  or  two  up  the  river,  where  the 
water  surface  is  certainly  but  a  few  feet  higher  than  at  the 
lower  point  I  saw  no  evidence  whatever  of  lifting  or  folding. 
It  seems  almost  certain  that  the  conglomerate  surface  upon 
which  the  lava  was  outpoured  was  a  hilly  land  surface,  made  so 
by  extensive  erosion — a  second  old  ground  surface. 

There  can  be  no  doubt,  then,  that  the  conglomerate  really 
underlies  the  basalt  for  several  miles  from  the  river  on  either 
side.  The  line  6,  fig.  2  and  3,  therefore  marks  an  old  forest- 
ground  surface  which  antedates  the  Cascade  lava-flow,  and  the 
silicified  stumps  are  those  of  trees  which  grew  on  this  ancient 
forast  ground,  and  the  leaves  are  leaves  which  fell  possibly 
from  these  very  trees,  certainly  from  contemporaneous  trees. 

The  order  of  events,  as  I  conceive  them,  was  briefly  as  follows : 
1.  The  region  of  the  Columbia  Kiver  was  a  forest,  probably  a 
valley,  overgrown  with  conifers  and  oaks.  The  subsoil  cf  this 
forest  w^as  a  coarse  boulder  drift.  2.  By  excess  of  water, 
either  by  floods  or  changes  of  level,  the  trees  were  killed,  their 
leaves  shed  and  buried  in  mud,  and  their  trunks  rotted  to 
stumps.  3.  Tumultuous  and  rapid  deposit  of  coarse  drift  con- 
taining drift  wood  covered  up  the  forest  gmund  and  the  still 
remaining  stumps,  one  hundred,  perhaps  several  hundred  feet 
deep.  4.  The  surface  thus  formed  was  eroded  into  hills  and 
dales.  5.  Then  followed  the  outburst  of  lava  in  successive 
flows,  perhaps  for  a  long  period  of  time,  and  the  silicification  of 
the  wood  and  the  cementation  of  the  drift  by  the  percolation 
of  hot  alkaline  waters  containing  silica,  as  happens  so  commonly 
in  sub-lava  drift&  6.  Finally  followed  the  process  of  erosion, 
by  which  the  present  stream-channels,  whether  main  or  tribu- 
tary, have  been  cut  to  their  present  enormous  depth. 

in  this  last  process  of  erosion  the  main  river  progressed  more 
rapidly  than  the  tributaries,  and  these  latter,  therefore,  ran  into 
the  river  on  either  side  by  foaming  cascades,  until  the  river 
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had  cut  down  into  the  underlying  conglomerate.  Then  they 
commenced  to  work  back  as  perpendicular  falls,  until  they 
reached  their  present  position.  The  cascades  of  (he  Columbia 
River  J  as  well  as  the  perpendicular  falls  aX  the  head  of  the  deep 
side-caficns  of  the  trihviaries^  have  all  been  fonricd  and  their  places 
determined  by  the  cutting  of  these  streams  through  the  harder 
basalt  into  the  softer  underlying  conglomerate. 

ni.  Age  of  the  Cascade  Bangs. 

There  has  been  hitherto  much  doubt  as  to  the  a^e  of  the 
Cascade  Range.  The  Coast  and  Sierra  Ranges,  so  distinct  in 
middle  California,  become  in  northern  California  and  southern 
Oregon  blended  and  undistinguishable.  In  northern  Or^on 
and  in  Washington,  tbe  two  ranges  become  amin  quite  distinct, 
the  eastern  and  larger  one  being  here  called  the  Cascade  Range. 
Orographic  evidence  therefore  seem  to  indicate  that  the  Cas- 
cades are  a  continuation  of  the  Sierras  and  formed  at  the  same 
time.  But  Whitney  has  shown  *  on  paleontological  evidence 
that,  while  the  Sierras  were  formed  at  the  end  of  the  Jurassic, 
the  Cascades  in  northern  California  have  certainly  been  much 
disturbed  and  to  some  degree  at  least  elevated,  since  the  Cre- 
taceous. Farther  north,  the  stratified  rocks  of  the  Cascade 
Range  are  so  deeply  buried  beneath  the  lava-flood,  that  it  has 
been  impossible  hitherto  to  find  stratigraphical  or  paleonto- 
logical evidence  of  the  age  of  the  ranse.  This  evidence  is,  I 
believe,  now  for  the  first  time  fumishea  by  my  examination  of 
the  sections  made  by  the  Columbia  River  and  its  tributaries  at 
the  Cascades.  The  sub-lava  conglomerate^  with  its  leafbed^  fur- 
nishes the  means  of  detei-Tnining  ihe  probable  age  of  the  lava-flood^ 
and^  tliertfore^  of  the  great  mass  of  the  Cascade  Range. 

My  first  conclusions  on  this  subject,  in  1871,  were,  I  now 
believe,  erroneous.  The  feet  that  the  lava  flows  of  California, 
on  the  southern  skirts  of  the  great  Cascade  lava-flood,  and  some 
of  the  flows  in  the  John  Day  Valley,  on  its  extreme  eastern 
skirts,  are  underlaid  by  the  latest  Pliocene  ;  and  the  additional 
fact  of  the  great  resemblance  of  the  sub-lava  conglomerate  of 
the  Columbia  River  to  the  cemented  sub-lava  drift-gravels  of 
California,  led  me,  very  naturally,  but  perhaps  too  hastily,  to 
conclude  that  the  great  lava-flood  took  place  and  the  Cascade 
Range  was  built  up  during  the  Post  Tertiary  period ;  and  I 
stated  this  as  my  view  in  my  paper,  "  On  the  great  features  of 
the  earth  surface "  f  I  now  acknowledge  my  error.  The 
paleontological  evidence  is  the  only  certam  one,  and  this  is 
unniistakeably  in  favor  of  a  greater  age.  I  sent  the  box  of 
leaves  and  petrified  wood  gathered  from  the  leaf-bearing  stra- 

*  See  GeoL  Suit,  of  CaL,  vol  1,  p.  320  and  seq. 
f  This  Journal,  voL  iy,  p.  470. 
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turn,  c,  fig.  2  and  8,  to  Prof.  Leo  Lesquereux  for  examination. 
According  to  this  high  authority,  they  consist  of  leaves  of  two 
species  of  oak  and  one  of  conifer,  and  wood  of  oak  and  conifer. 
"The  species,"  he  writes  me,  "mark  undoubtedly  Miocene  or 
uppermost  Eocene^  more  probably  the  former."*  Therefore  I 
conclude  the  leaf-bearing  stratum,  c,  fig.  2,  is  certainly  Tertiary 
and  probably  Miocene ;  and,  therefore,  the  lava  flood  cx5curred  or 
began  to  occur  during  or  after  the  Miocene.  And  since  the 
upper  surface  of  the  conglomerate  is  itself  an  eroded  land  sur- 
face (p.  175),  which  erosion  took  place  after  the  period  of  the 
leaf-bed,  the  lava-flood  occurred  more  probably  after  the  Mio- 
cene, i.  e.,  coincidently  with  the  formation  of  the  Coast  chain.  I 
said  "  began  to  occur,"  for  the  process  of  up-building  probably 
continued  by  successive  fissure-flows,  building  higher  and  higher 
and  extendmg  farther  and  farther,  until  the  Post-Tertiary  ;  so 
that  the  skirts  in  John  Day  Valley  and  in  California  are  newer 
than  the  lower  part  of  the  lava  of  the  central  region.  When 
the  fissure  eruptions  had  finally  ceased,  the  work  was  taken 
up  by  volcanoes,  which  have  continued  it  nearly  or  quite  up  to 
the  present  epoch. 

Tne  Gascaae  Range  throughout  the  whole  region  of  the  lava- 
flood,  i.  e.,  for  at  least  700  miles,  is  not  more  than  an  average 
of  5,000  feet  high,  although  some  volcanic  peaks  rise  11,8(>0 
(Mt  Hood),  and  even  14,400  feet  (Mt  Shasta  and  Ml  Rainier). 
Now  we  have  just  seen  that,  of  this  5,000  feet,  nearly  4,000 
feet  consists  of  lava  outpoured  since  the  Miocene ;  and,  more- 
over, that  this  lava  extends  in  great  thickness  over  a  breadth  of 
100  miles.  Evidently  then  the  great  bulk  of  this  range  is 
of  late  Tertiary  origin.  But  it  is  not  probable  that  the  Cas- 
cade Range  was  born  or  first  commenced  to  exist  at  this 
time.  It  is  almost  certain  that  it  already  existed  as  a  low 
ridge  of  granite  and  slate  like  the  Sierras,  continuous  with 
the  latter  and  of  the  same  aga  The  proof  of  this  has  not 
indeed  been  yet  found  in  the  middle  Cascade  region  nor  on  the 
eastern  fianks,  for  these  parts  are  too  deeply  covered  with  lava. 
But  on  the  western  and  especially  on  the  southern  borders  of 
the  great  flood,  where  the  lava  thins  out,  first,  occasional  peaks 
of  slate  and  granite  appear  as  islands  above  the  flood -level,  and 
finally  the  flood  itself  dwindles  into  streams  flowing  about 
the  bases  of  granite  and  auriferous  slate  hills  similar  to  those 
characterizing  the  Sierra  Range.  It  is  true,  the  sections  made 
by  the  Columbia  River  and  its  tributaries  examined  by  me 
showed  no  slate  or  granite  beneath  the  lava,  but  only  Miocene 
conglomerate;  and  this  conglomerate  is  made  up,  not  of  slate 
or  granite  boulders,  showing  the  existence  before  the  lava  flood 

*  A  description  of  these  loaves  will  appear  in  the  forthcoming  volume  on  Fossil 
Botanj  of  the  OeoL  Survey  of  Galifomia. 
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of  slate  or  granite  hills  in  the  vicinity,  but  only  of  porphyry 
or  porphyritic  lava  boulders;  nevertheless,  I  think  diligent 
search  will  yet  find  the  evidences  of  slate  and  granite  beneath 
the  lava  *  If  the  question  is  again  asked.  What  then  is  the 
age  of  the  Cascade  Kange  and  to  what  system  does  it  belong? 
I  answer :  Like  most  mountain  ranges,  it  was  not  formed  at 
once.  It  probably  first  commenced  as  a  continuation  of  the 
Sierra  Range,  and  at  the  same  time,  viz :  the  end  of  the  Juras- 
sic ;  and  this  part  belongs  to  the  Sierra  system.  But  its  great 
bulk  was  formed  at  the  end  of  the  Miocene  coincidently  with 
the  Coast  Range ;  and  this  part  may  be  said  to  belong,  so  far  as 
age  is  concerned^  to  the  Coast  Range  system. 

IV.    Theory  of  the  ejectioa  of  the  laua-flood  and  of  the  forma- 
tion of  the  Cascade  Mountains, 

Over  the  surface  of  the  lava-flood,  especially  along  the  crests 
of  the  Cascade  Range,  are  scattered  a  number  of  extinct  vol- 
canic cones.  From  the  Des  Chutes  plains  is  obtained  a  mag- 
nificent view  of  this  range,  from  the  Tliree  Sisters  on  the  south 
to  Mt.  Rainier  on  the  north,  a  distance  of  over  200  miles. 
Along  this  extent  are  ten  or  twelve  conspicuous  snow  clad 
cones ;  many  other  smaller  ones  probably  exist.  Are  these, 
then,  the  fountains  from  which  flowed  the  great  lava-flood  ? 
Has  all  this  immense  mass  of  fluid  matter  been  ejected  by 
the  force  of  steam  generated  by  the  contact  of  percolating 
meteoric  waters  with  incandescent  subterranean  fluid  masses! 
It  seems  to  me  incredible :  the  eSect  is  out  of  all  proportion  to 
the  cause.  It  is  only  necessary  to  state  the  proposition  in 
order  to  see  its  absurdit}'.  Besides,  the  lava  of  the  Columbia 
and  Des  Chutes  Rivers  is  nearly  all  perfectly  sob'dj  entirely  free 
from  those  vesicles  so  universal  in  lavas  ejected  by  steam  from 
craters.  Only  in  the  uppermost  parts  was  there  found  any  evi- 
dence in  the  structure  of  the  lava  of  true  volcanic  action — any 
of  the  boursoujlee  condition  so  characteristic  of  true  volcanic 
ejections.  It  is  clearly  impossible  to  account  for  the  outflowing 
of  such  great  floods  of  liquid  matter  except  by  more  general 
causes  affecting  the  whole  earth — except  by  the  action  of  those 
grand  agencies  by  which  mountain  chains  themselves  are 
formed. 

I  have  already,  in  a  previous  pa  per,  f  maintained  that  the 
interior  contraction  of  the  earth  determines  irresistible  horizon - 

*  Newberry  speaks  of  the  cliffs  of  the  Columbia  River  gorge  (P.  R.  R.  Surv., 
VI ;  Geology,  p.  57)  as  composed  of  lava  and  slate.  I  have  never  seen  anything 
but  lava.  Just  above  the  Cascades,  on  both  sides  of  the  river,  are  seen  slaty-look- 
ing mountains.  I  myself,  at  one  time,  thought  they  were  slate.  They  are  in  fact 
phonolite.  In  the  John  Day  Valley,  indeed,  I  saw  genuine  slate  hills  with  quartz 
veins,  exposed  by  the  erosion  of  the  lava-flood ;  but  these  belong  evidently  to  the 
Blue  Mountains,  not  the  Cascade  Mountain  system. 

f  This  Journal,  vol.  iv,  p.  345. 
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tal  pressure  of  the  crust  on  itself.  I  have  also  shown  that 
mountain  chains  are  the  lines  along  which  yielding  to  this 
pressure  takes  place;  also  that  the  yielding  usually  occurs 
along  marginal  sea -bottoms,  giving  rise  to  coast  chains; 
and  the  reason  why  it  occurs  along  these  lines.  I  think,  there- 
fore, it  will  be  now  generally  admitted  that  mountain  ranges 
(Dana's  Synclinoria)  are  certainly  formed  by  a  mashing  together 
horizontally  and  an  up-swelling  vertically  of  lines  of  thick  sedi- 
ments along  marcinal  sea-bottoms.  Now  in  this  mashing 
together,  with  foldings  and  consequent  fissurings  of  the  strata, 
it  is  easy  to  see  that  any  sub-mountain  liquid  matter,  whether 
preexisting,  or  (as  I  think  more  probable)  locally  formed  by 
the  very  act  of  crushing,  must  he  squeezed  out  It  is  in  this  way 
that  I  account  for  the  great  lava-flood  of  the  Cascade  and  Blue 
Mountains.  The  liquid  matter  has  been  squeezed  out  by  the  same 
force  which  elevated  die  mountain  ranges  ;  by  enormous  horizontal 
pressure,  determined  by  the  interior  contraction  of  the  whole 
earth.  Afterward,  steam  generated  by  meteoric  waters  perco- 
lating through  the  still  hot  erupted  mass  gave  rise  to  volcanoes, 
which  carried  on  the  up-building  process. 

Thus  much  I  have  maintained  in  my  previous  paper.  But 
Dana  has  recently*  pointed  an  inverse  relation  between  the 
amount  of  mountain  mashings  and  foldings  on  the  one  hand 
and  the  amount  of  fissurings  and  fissure-eruptions  on  the  other. 
This  I  believe  to  be  a  true  principle.  I  wisn,  therefore,  to  illus- 
trate and  explain  it 

Mountain  ranges  sire  first  formed  as  already  explained.  But 
the  ranges  thus  first  formed,  usually  become  aflenvard  lines  of 
successive  elevation  by  lateral  pressure.  A  mountain  range,  first 
born  of  the  sea,  continues  to  grow,  more  or  less  paroxysmally, 
by  the  same  force  which  originally  formed  it  But  there  is 
this  difi'erence  between  the  first  formation  and  the  subst* quent 
increase.  The  first  yielding  of  the  soft  sea-bottom  sediments 
is  comparatively  quiet,  with  little  resistance^  and,  therefore,  pro- 
duces htile  heat  by  the  transformation  of  mechanical  energy :  it 
is  a  gradual,  quiet  mashing  together,  with  folding  of  the  strata 
and  up-swelling  of  the  surface  into  a  mountain  range,  and  the 
metamorphism,K)\xi  not  fusion,  of  the  strata;  while,  on  the  con- 
trary, the  subsequent  j'ielding  of  the  already  hardened  land- 
surface  takes  place  only  after  much  resistance,  and,  therefore, 
with  much  heat,  even  to  fusion  of  the  strata,  and  also  paroxysm- 
ally,  with  the  fissuring  of  the  strata  and  the  out-squeezing  of  the 
sub-mountain  liquid.  In  the  first  case,  there  is  an  actual  eleva- 
tion, by  up-swelling  or  uplifting  of  the  stratified  surface  to  the 
whole  extent  of  the  height  of  the  mountain :  while  in  the  sec- 
ond case,  the  increase  of  height  is  not  so  much  by  uplifting  of 

^  BasuhB  of  Earth's  Gontractioii — part  4,  Igneous  Ejections.    This  Journal,  vol. 
▼i,  p.  113. 
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the  stratified  surface,  as  by  up-building  an  this  surface,  by  the 
out-squeezing  of  liquid  matter.  In  either  case,  however, 
whether  by  uplifting  or  by  up-building,  the  actual  increase  of 
height  would  be  precisely  the  same,  being  determined  by  the 
amount  of  lateral  crushing. 

Of  course,  these  two  modes  of  mountain-making  may  be 
combined  in  various  proportions.  We  will  now  illustrate  by 
example& 

The  Appalachian  chain  was  first  formed  and  nearly  com- 
pleted at  the  end  of  the  Coal  period,  by  mashing,  folding  and 
up-swelling  only,  while  its  second  but  trifling  increase  at  the 
end  of  the  Jurassic  was  attended  with  fissure  eruptions  of  con- 
siderable extent.  The  Sierra  Range  was  first  formed  at  the  end 
of  the  Jurassic^  by  mashing  together  and  up-swelling  only ; 
while  its  subse<}uent  slight  increase  at  the  end  of  the  Tertiary 
was  attended  with  great  fissure-eruptions.  Similarly  the  Coast 
Range  was  formed  by  crushing  together  and  up-swelling  of  its 
sediments  at  the  end  of  the  Miocene^  while  its  great  fissure  erup- 
tions did  not  take  place  until  the  end  of  the  Pliocene  or  later. 
So,  also,  the  Cascade  Range  was  first  bom  of  the  sea  by  horizon- 
tal mashing  and  vertical  swelling,  probably  at  the  end  of  the 
Jurassic,  though  only  as  a  low  range,  continuing  the  Sierra 
northward ;  its  great  subsequent  increase  took  place  at  the  end 
of  the  Miocene^  by  the  outpouring  of  the  great  lava  flood. 
Thus  the  Appalachian,  the  Sierra  and  the  Coast  Kanges  were 
formed  almost  fully  grown  by  the  first  method,  while  the  Cas- 
cade Range  was  formed  almost  wholly  by  the  second  process. 
There  are  also  of  course  some  mountain  ranges  which  are  formed 
wholly  by  the  first  process,  i.  a,  by  successive  upliflings  with- 
out any  eruptions  at  alL 

The  view  which  I  have  presented  above  in  its  main  features 
is  equally  tenable,  whether  we  regard  the  sub-mountain  liquid 
as  locally  formed  by  the  transformation  of  mechanical  energy 
into  heat,  as  maintained  by  Mallet  and  believed  by  me,  or 
whether  we  regard  it  as  a  remnant  of  the  original  mb-crusi  fire- 
sea  of  Dana. 

[To  be  oontinuecL] 


Art.  XVIIL — Analytical  Xolice^  ;   by  Samuel  P.  Sadtler, 
Ph.D.,  Prof,  of  Chemistry,  etc.,  Pennsylvania  College,  P:i. 

In  the  number  of  this  Journal  for  Feb.,  1878,  Dr.  Wolcott 
Gibbs  gives  some  miscellaneous  analytical  notices,  and,  among 
other  things,  speaks  of  a  form  of  **  ring-bunier,"  which  he  com- 
mends to  the  attention  of  chemists  generally  as  a  useful  piece 
of  apparatus.     I  have  had  occasion  within  the  last  month  to  use 
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this  bunier  frequentlj  in  my  laboratory,  and  have  some  few 
analytical  results  obtained  by  its  use,  which  may  be  of  general 
interest  to  working  chemist& 

My  first  use  of  tne  burner,  however,  dates  back  to  the  fall  of 
1869,  when  I  was  working  in  Dr.  Gibbs'  laboratory,  on  the 
double  nitrites  of  cobalt  and  the  alkali  metals.  I  then  used  it 
constantly  in  determining  the  double  sulphates  of  cobalt  and 
potash  or  soda,  and  afterward  the  simple  cobaltic  sulphate.  To 
my  paper  on  these  nitrites*  I  appended  a  few  analytical  notices, 
in  which  I  spoke  of  the  advanti^e  of  these  methods  of  deter- 
mination. One  of  my  students  having  recently  the  determina- 
tion of  strontia  to  make,  as  a  part  of  his  analytical  course,  I 
had  him  determine  it  as  strontic  sulphate  by  the  aid  of  the 
**  ring-burner,"  and  the  results  were  so  good,  that  I  had  the 
following  series  of  experiments  made  to  test  the  question  of  its 
applicability  to  sulphate  determinations  in  several  other  cases. 

The  sulphates  oi  the  alkaline  earths,  barium,  strontium,  and 
calcium,  are  such  stable  compounds,  and  capable  of  standing 
such  a  high  heat  without  decomposition,  that  they  strike  one  at 
once  as  very  suitable  forms  for  the  determination  of  these  el^ 
ments  by  evaporation  with  excess  of  sulphuric  acid,  in  cases 
where  the  method  by  precipitation  is  not  used.  Accordingly, 
we  find  that  the  determination  as  sulphates  by  evaporation,  of 
these  three,  is  given  by  Fresenius,  although  not  strongly  recom- 
mended. Wohler,  in  his  *'  Mineral-Analyse, "f  does  recommend 
the  determination  of  strontia  and  lime  as  sulphates.  However, 
the  evaporation  of  the  excess  of  sulphuric  acid  over  the  ordi- 
nary forms  of  Bunsen-bumer  is  so  precarious  an  operation,  as 
to  eflFectually  shut  out  these  methods,  except  in  case  of  necessity. 
With  the  **  ring-burner,"  the  evaporation  of  the  excess  of  sul- 
phuric acid  is  as  safe  as  the  evaporation  of  so  much  water  over 
the  water-bath. 

Baryta. — Any  of  the  compounds  of  baryta  with  volatile  acids 
can,  as  Fresenius  states,  be  aetermined  as  sulphate  by  evapora- 
tion with  excess  of  sulphuric  acid,  and  with  tne  "  ring-burner  " 
rapidly  and  safely.  I  did  not,  however,  make  any  quantitative 
determinations  here,  as  the  determination  as  sulphate  by  precipi- 
tation is  so  perfectly  reliable  and  is  generally  applicabla 

Strontia, — Here  the  determination  as  sulphate  oy  precipitation 
is  acknowledged  to  be  of  only  tolerable  accuracy,  on  account 
of  the  necessity  of  introducing  the  digestion  with  alcohol,  and 
the  subsequent  washing  with  the  same.  The  determination  of 
sulphate  by  evaporation  therefore,  if  accurate,  would  be  of  con- 
siderable importance.  The  results  of  some  tests  made  by  Mr. 
G.  S.  Eyster  on  this  subject  are  as  follows : 

^  Thifl  Joonal,  March,  1870.  f  Mineral  Analyses,  161,  pp.  14  and  19. 
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A  lot  of  crystallized  Btrontic  nitrate  was  taken,  powdered, 
and  dried  at  100°. 

*7d45  grms.  nitrate  gave  *6348  grms.  sulphate     =41*21  pr.  ct.  Sr. 
•9840     "  "         "      -8606     "  "  =41-21  pr.  ct.  Sr. 

A  second  lot  was  re-crystallized,  and  large  crystals  were  taken 
and  dried  between  filter  paper  only. 

•3007  grms.  nitrate  gave  '2594  grms.  sulphate     ==41*13  pr.  ct.  Sr. 
•3641     '*  "         "      -3133     *'  "  =4103  pr.  ct.  Sr. 

A  third  lot  was  then  carefully  dried  between  100**-108''. 

*3318  grms.  nitrate  gave  *2878  grms.  sulphate     =41*36  pr.  ct  Sr. 
•3184     "  "         "      -2758     "  "  =41-30  pr.  ct,  Sr. 

The  theoretical  amount  of  Sr  in  Sr(No,) ,  is  41*87  per  cent 
These  results  show  very  much  greater  accuracy  than  the  deter- 
mination of  sulphate  by  precipitation,  and  there  is  no  compari- 
son as  to  the  ease  of  manipulation  and  the  rapidity  with  which 
the  determination  can  be  made. 

Lime. — Here  the  determination  as  sulphate  by  precipitation 
is  rarely  used,  as  it  is  open  to  exactly  the  same  objections  as  the 
process  with  strontia.  However,  we  can  precipitate  lime  as 
oxalate,  and  then  weigh  it  as  carbonate,  after  gentle  ignition  ; 
or,  if  the  quantity  be  not  too  large,  as  caustic,  after  length- 
ened exposure  to  the  blast  lamp,  and  the  results  are  generally 
accurate. 

However,  it  struck  me  that  the  sulphate  determinations  by 
evaporation  were  so  accurate  and  so  rapidly  executed,  that,  in- 
stead of  repeatedly  igniting  the  oxalate  with  a  piece  of  amnionic 
carbonate  until  a  constant  weight  was  obtainea,  we  could  con- 
vert the  oxalate  into  sulphate,  and  run  it  down  to  dryness  with 
the  "  ring-burner,"  with  a  great  saving  of  time  and  labor.  To 
test  this,  the  following  series  of  determinations  with  calcic  oxa- 
late was  made  by  Mr.  Edgar  F.  Smith  at  my  request 

One  lot  of  oxalate  was  prepared  in  the  usual  manner,  washed 
on  a  filter  and  dried  between  lOO'^-lOS^. 

•1860  grms.  oxalate  gave  '1725  grms.  sulphate  =27*28  pr.  ct.  Ca. 

•2083     "  "  "      *1939      *'  "  =27-38  pr.ct.   «* 

•6013     "  '*  "      -4669      "  "  =27*33  pr.ct.   " 

*1944     "•  *'  "      -1808      "  "  =27*35  pr.ct.   " 

•8097     "  *'  "      '7617      "  "  =27*31  pr.ct.  " 

Another  preparation  of  oxalate  was  made  and  washed  as 
before,  and  dried  at  110°.  Fresenius  says  that  the  oxalate  does 
not  part  with  its  water  until  heated  to  205*^,  but  has  the  invari- 
able composition  (CjO  jCa-f-HgO.  The  results  show,  however, 
that  it  begins  to  lose  water  already  at  110^ 

•2195  grms.  oxalate  gave  -2051  grms.  sulphate    =27*48  pr.  ct,  Ca. 
•2432      "  "  "      -2272       "  "  =27*48  pr.  ct.   " 
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A  larger  quantity  was  then  precipitated  and  washed  by  decan- 
tation  with  Doiling  water,  until,  according  to  Bunsen^s  tables, 
the  impurities  remaining  were  reduced  to  ttiUtv  ^^  volume. 

'7462  grms.  oxalate  gave  *6950  grms.  sulphate  ^27*30  pr.  ct.  Ca. 

'1121     "  "  "      -6628      "  ''  =27-86  pr.  ct.    « 

•7592     "  "  "      -7073     «  "  z=27-40  pr.  ct.    " 

•8208     "  "  "      '7666      "  "  =27*43  pr.  ct.    ** 

The  theoretical  per  cent  of  Ca  in  C30,(Ca)+H,0  is  27*40. 

In  some  of  this  last  preparation,  two  determinations  of  the 
amount  of  Ca  were  made  by  ignition  over  the  blast-lamp  and 
weighing  as  caustic  lime. 

•1207  grms.  oxalate  gave  '0463  grms.  CaO  =27*40  pr.  ct  Ca. 
•1520     "  **  "      -0684      "         "      =27-44  pr.ct    " 

Finallv,  two  portions  of  perfectly  pure  calcic  carbonate,  from 
a  crystallized  piece  of  calcite,  that  had  been  previously  analyzed, 
and  the  composition  of  which  was  therefore  known,  were  taken. 
After  the  precipitation  of  the  lime  as  oxalate  and  drying  on  the 
filter,  it  was  put  in  a  weighed  platinum  crucible  and  the  filter 
ash  then  added.  The  whole  was  then  run  down  as  sulphate 
with  slight  excess  of  sulphuric  acid,  with  the  aid  of  the  **  ring- 
burner.  Only  one  analysis  is  given,  as  the  other  was  spoiled 
in  filtering  the  oxalate. 

•9723  grms.  CaCog  gave  1'3058  grms.  sulphate  =39*60  jpr.  ct.  Ca. 
39*50  per  cent  Ca  corresponds  to  66'30  per  cent  CaO. 

Fresenius  gives  as  the  composition  of  **air  dried  CaCO,,*' 
65*51  per  cent  CaO,  and  in  his  aetermination  of  lime  as  sulphate, 
in  experiment  No.  67,  obtained  55 '31  per  cent  CaO. 

The  results  given  above,  it  is  seen,  are  as  accurate  as  are  usu- 
ally obtained  in  parallel  determinations  as  carbonate,  and  the 
ease  and  rapidity  of  manipulation  are  very  much  greater. 

There  is  yet  another  class  of  operations,  in  whicn  I  thought 
the  "  ring-burner "  might  be  of  assistance,  viz :  the  processes 
involving  oxidation  with  fuming  nitric  acid,  which  at  present 
are  rather  tedious.  I  have  not  as  yet,  however,  given  it  a  careful 
enough  trial  to  enable  me  to  decide  positively,  either  for  or 
against  it 

Antimony. — The  conversion  of  antimonous  sulphide  into  anti- 
moniate  of  the  teroxide  of  antimony,  by  the  aid  of  fuming 
nitric  acid  is,  as  every  chemist  knows,  very  tedious,  often  prov- 
ing a  failure,  on  account  of  the  fusing  together  of  the  separated 
sulphur.  I  tried  whether  the  operation  could  be  shortened  by 
the  use  of  the  ring-burner.  Antimonous  sulphide,  dried  on  the 
filter,  was  taken,  placed  in  a  porcelain  crucible,  and  after  being 
moistened  with  a  few  drops  of  dilute  acid,  was  covered  weU 
with  fuming  nitric  acid.     The  heat  of  the  ring-burner  was  then 
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applied,  very  gradually,  to  the  upper  rim  of  the  crucible.  Sev- 
eral times  the  oxidation  was  very  successful,  leaving  only  the 
white  Sb,0,.  On  the  other  hand,  in  several  tests,  a  globule  of 
sulphur  formed,  which  could  not  be  gotten  rid  of,  until  the  last 
heating.  In  no  case,  however,  was  there  any  loss  firom  spurting. 
I  then  tried  two  analvses  of  tartar  emetic,  which  I  give  here. 
In  the  first  a  globule  oi  sulphur  remained,  and  I  had  to  drive 
it  off  at  last  Dy  heat,  giving  of  course  considerable  loss.  In 
the  other  the  sulphur  was  completely  oxidized. 

*8115  grms.  tartar  em.  gave  *1294  grms.  Sb^Og  ==82*91  pr.  ct.  Sb. 
•3206      '*  "       "        "      -1451      "       "     «     =35-86  pr.  ct.    " 

The  formula  C ,  0  ,H , K(SbO)  +iH ,0  gives  86-68  per  cent  Sb, 

I  have  given  these  two  tests  for  what  they  are  worth.  They  do 
not  allow  me  to  recommend  the  use  of  the  "  ring-burner  "  here ; 
but,  if  I  can  obtain  better  results  on  farther  trial,  the  neatness 
and  ease  of  the  manipulation  will  reconmiend  it 

Lead. — I  also  made  some  tests  on  the  rapid  conversion  of  plum- 
bic sulphide  into  plumbic  sulphate,  but  at  present  I  have  no 
quantitative  results,  and  the  qualitative  results  are  not  complete 
yet.     I  think,  however,  it  promises  well. 

With  regard  to  the  "ring-burner"  itself,  I  have  little  to  say, 
as  Dr.  Gibbs  speaks  sufficiently  explicitly  about  it  Of  course 
it  is  best  run  with  a  water-blast  or  "  water-tromp."  I  have,  how- 
ever, to  run  it  with  the  bellows  of  the  glass-blowing  table,  as  I 
have  no  hydrant-water  in  my  laboratory.  This  ereatly  increases 
the  labor  of  the  processes.  With  the  constant  blast  it  needs  no 
attention  whatever,  after  being  regulated. 

GtottTsburg,  Dec.  24th,  1873. 


Art.  XIX. — On  the  Oxidation  of  Alcohol  and  Ether  by  Ozone  ; 

by  Prof  A.  W.  Wright. 

It  has  been  stated  by  Houzeau,*  that  alcohol  exposed  to  the 
action  of  ozone  is  instantly  oxidized,  with  the  formation  of 
aldehyde,  acetic  acid,  and  hydrogen  peroxide,  and  that  ether, 
under  similar  conditions,  undergoes  an  analogous  change, 
being  even  more  rapidly  oxidized,  with  the  production  of 
hydrogen  peroxide.  It  does  not  appear,  however,  that  either 
the  conditions  of  the  action  of  ozone  on  these  substances,  or 
the  nature  of  the  compounds  formed,  have  been  much  further 
studied.  With  a  view  to  determine  some  of  these  points,  and 
especially  to  ascertain  whether  ozone  could  be  advantageously 
used   in   the  production  of  acetic  acid  irom  alcohol,  an  ex- 

*  Gomptes  Bendus,  bar,  p.  142,  1872. 
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tended  aeries  of  experiments  was  made  by  the  writer,  the  re- 
sults of  some  of  which  are  here  given. 

As  ozone  is  easily  resolved  mto  ordinary  oxygen  by  heat, 
it  appeared  probable  that  its  action  woula  be  intensified  by 
submitting  tne  substances  examined  to  its  influence  at  a  some- 
what elevated  temperature.  In  the  first  experiments  accord- 
ingly, either  the  alcohol  was  itself  heated,  or  its  vapor  was 
subiected  to  the  action  of  heat  in  conjunction  with  the  ozone. 
In  later  experiments  alcohol  at  the  ordinary  temperature  was 
used,  both  absolute,  and  mixed  with  varying  quantities  of 
water.  The  ozone  was  produced  by  passing  dry  oxygen 
through  an  ozonizing  tube  under  the  mfluence  of  electncity! 
In  some  of  the  experiments  Houzeau's  apparatus  for  this  pur- 
pose was  employed ;  in  others  that  described  by  the  writer  m  a 
former  number  of  this  Journal,  used  with  statical  electricity. 
All  the  connections  of  the  parts  of  the  apparatus  traversed  by 
ozone  were  made  with  glass  tubes  united  with  perforated  corks 
which  had  been  soaked  in  melted  paraffine.  The  determina- 
tions of  the  amount  of  acid  were  made  volumetrically,  by 
means  of  a  solution  of  caustic  potash  in  distilled  water,  and 
the  percentages  given  in  the  results  express  the  proportion  of 
acid  obtainea  relatively  to  commercial  acetic  acia,  with  which 
the  comparisons  were  made.  As  the  latter  contains  about  26 
per  cent  of  anhydrous  acid,  a  suflSciently  near  approximation 
to  the  absolute  percentage  of  acetic  acid  would  be  obttiined  by 
dividing  the  results  by  four.  In  all  cases  the  amounts  obtained 
were  very  small.  Commercial  alcohol,  which  contained  about 
8*5  per  cent  of  water,  was  used  in  the  experiments  numbered 
1  to  5.  The  volume  of  liquid  used  in  each  case  was  100  cubic 
centimeters. 

1.  In  this  experiment  vapor  of  alcohol  was  passed  into  a 
flask  kept  at  100°  C,  by  means  of  a  water-bath,  and  ozonized 
oxygen  driven  slowly  through  the  same  flask.  The  mixture  of 
gas  and  va[X)r  was  then  conducted  into  another  flask  immersed 
in  cold  water,  where  the  alcohol  and  products  of  oxidation 
were  condensed.  The  operation  was  continued  for  one  hour. 
The  alcohol  at  the  beginning  was  found  neutral,  but  at  the  end 
of  the  experiment  it  gave  a  decided  acid  reaction.  The  per- 
centage relatively  to  commercial  acetic  acid,  that  is,  the  strength 
of  the  dilute  acid,  as  compared  with  the  former,  was  1*62  per 
cent 

2.  Ozone  and  alcohol  vapor  were  passed  through  a  porcelain 
tube  heated  to  a  temperature  of  200°  or  250""  C.  Percentage 
obtained  0*81,  of  which  but  a  portion  was  acetic  acid,  as  the 
reaction  was  evidently  different  from  that  at  a  lower  tempera- 
ture, and  other  products  were  formed. 

3.  A  small  quantity  of  alcohol  was  placed  in  a  large  flask, 
and  ozone  passed  into  it  at  intervals,  the  flask  being  frequently 
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shaken  vigorously.  This  was  continued  for  ten  or  twelve 
hours.  The  percentage  obtained  was  817,  or  if  reduced  to  the 
amount  for  one  hour,  about  0*82. 

4.  Ozone  was  passed  through  boiling  alcohol,  and  the  vapor 
condensed  in  a  cool  flask.     Percentage  1*18. 

5.  Ozone  was  passed  through  boiling  alcohol  in  a  flask  pro- 
vided with  a  vertical  condenser,  by  which  the  condensed  liquid 
was  returned  to  the  flask,  and  thus  repeatedly  subjected  to  the 
action  of  the  ^as.     Percentage  1*22. 

6.  In  the  allowing  series  of  experiments  alcohol  was  em- 
ployed which  had  oeen  mixed  with  quick-lime,  and  after 
standing  several  days  was  then  distilled  off.  It  contained  less 
than  two  per  cent  of  water.  Four  determinations  were  made, 
with  alcohol  alone,  and  with  alcohol  mixed  with  different  pro- 
portions of  distilled  water.  The  liquid  was  maintained  at  the 
Doiling  point  during  the  whole  operation,  a  vertical  condenser 
being  used,  as  in  the  preceding  experiment  The  results  are 
given  in  the  following  tables,  in  which  the  first  and  second 
columns  give  the  relative  amounts  of  the  alcohol  and  distilled 
water  in  the  mixtures,  the  third  shows  the  actual  percentfi^e  of 
acid  obtained,  the  fourth  the  amounts  corresponaing  to  equal 
portions  of  alcohol,  and  the  fifth  those  amounts  divided  by 
four,  giving  the  approximate  absolute  percentage. 

The  numbers  are  reduced,  to  correspond  to  a  continuance  of 
each  experiment  one  hour. 


Alcohol 

Water. 

Percentage 
in  mixture. 

Percentage 
in  alcohol. 

Percentage 
absolute. 

100 

0 

0-56 

0-55 

0-14 

60 

50 

1-66 

8-32 

0-83 

10 

9 

0-93 

9-30 

2-32 

5 

95 

1-66 

33-20 

8-30 

7.  The  experiments  in  this  series  were  made  in  the  same 
way  as  the  preceding,  except  that  the  alcohol  was  not  heated, 
and  the  results  are  as  follows  : — 


Alcohol. 

Water. 

Percentage 
in  mixture. 

Percentage 
in  alcohoL 

Percentage 
absolute. 

100 

0 

0-59 

0-59 

0-15 

50 

50 

0-34 

0-68 

0-17 

10 

00 

0-08 

0-80 

0-20 

5 

95 

0-09 

1-80 

0-45 
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In  the  determinatioDs  it  was  assumed  that  the  acid  obtained 
was  acetic  acid.  This  would  be  justifiable  in  all  cases  except 
those  where  the  alcohol  was  highly  heated,  as,  though  a  small 
quantity  of  formic  acid  is  produced,  shown  by  its  action  on 
nitrate  of  silver  and  otherwise,  acetic  acid  constitutes  the  chief 
portion  of  the  product  When  a  (quantity  of  the  liquid  was 
neutralized  witn  the  potash  solution,  evaporated,  and  the 
residue  treated  with  dilute  sulphuric  acid,  a  strong  odor  of 
acetic  acid  was  given  oflE  The  products  of  the  experiment  in 
which  the  alcohol  was  highly  heated  were  examined  in  the 
same  way,  but  the  odor  was  hardly  to  be  recognized  as  that  of 
acetic  acid,  having  some  resemblance  to  that  of  formic  and 
butyric  compounds. 

Although  the  results  are  not  perfectly  concordant,  as  was  to 
be  expected,  considering  the  varying  conditions  of  some  of  the 
cases,  and  the  feeble  proportion  of  acid  abtained,  they  agree  in 
the  main  very  well,  and  show  clearly  enough  that  the  action 
of  the  ozone  is  influenced  very  materially  by  the  presence  of 
water,  and  by  heat 

The  table  in  No.  7  shows  that  as  water  is  added  to  the 
alcohol,  the  total  amount  of  acid  produced  decreases,  but  less 
rapidly  than  the  alcohol,  so  that  with  each  addition  to  the  per- 
centage of  water  a  larger  percentage  of  alcohol  is  acidified. 
Both  this  and  the  preceding  table  show  that  the  increase  is 
more  rapid  as  the  proportion  of  alcohol  becomes  small. 

In  No.  6,  with  the  exception  of  the  first  case,  in  which  the 
amount  of  acid  is  not  greatly  different  from  that  of  the  first  in 
No.  7,  the  numbers  show  a  large  increase  in  the  total  amount 
of  acid,  and  a  still  greater  increase  relatively  to  the  proportion 
of  alcohoL  This  was  due  in  part  to  the  fact  that,  by  the 
arrangement  of  the  apparatus,  the  hot  vapor  was  mingled  with 
the  ozone,  and  thus  more  thoroughly  exposed  to  its  action.  A 
comparison  of  the  results  in  Nos.  1  and  4,  however,  shows  that 
it  is  to  be  attributed  chiefly  to  the  higher  temperature.  It  will 
be  seen  also  that  the  effect  is  more  strongly  marked,  the  greater 
the  proportion  of  the  water.  In  the  fourth  experiment  of  No. 
6,  about  eight  per  cent  of  the  alcohol  was  converted  into  acetic 
acid,  being  the  highest  proportion  obtained. 

It  would  be  of  interest  to  determine,  if  possible,  the  nature  of 
the  reaction  by  which  the  alcohol  is  acidined.  As  considerable 
quantities  of  aldehyde  and  hydrogen  peroxide  are  always 
produced,  it  seems  most  probable  that  tne  action  proceeds  in 
the  manner  commonly  assumed,  namely,  by  the  abstraction  of 
two  hydrogen  atoms  from  the  alcohol  molecule,  forming  alde- 
hyde, and  hydrogen  peroxide,  together  with  water.  The  alde- 
hyde would,  in  part,  be  immediately  oxidized  by  the  ozone, 
and  in  part  by  the  gradual  action  of  hydrogen  peroxide.     This 
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action  would  be  greatly  facilitated  by  heat,  which  decomposes 
both  ozone  and  hydrogen  peroxida  If  the  reaction  is  less 
simple,  and  the  alcohol  molecule  is  broken  up,  we  might  ex- 
pect to  obtain  carbon  di-oxide  as  one  of  the  products.  A  spe- 
cial experiment  with  alcohol  which  was  not  heated,  though 
continued  for  nearly  two  hours,  showed  that,  if  any,  only  a 
very  small  amount  is  eliminated. 

It  may  be  observed  that  the  proportion  of  alcohol  in  the 
third  and  fourth  cases  of  Nos.  6  and  7,  is  not  very  diflFerent 
fix)m  that  in  the  wines  and  other  liquors  used  in  the  manufac- 
ture of  vinegar.  Although  the  application  of  ozone  for  this 
Eur^e,  by  the  methods  followed  in  these  experiments,  would 
e  neither  practicable  nor  economical,  it  is  not  improbable  that 
operations  on  a  larger  scale  might  give  better  resulta  Espe- 
cially in  the  German  or  "  quick  *  vinegar  process,  where  a  large 
surface  is  exposed,  and  a  considerable  rise  of  temperature  is 
experienced,  it  is  hardly  doubtful  that  the  process  would  be 
materially  accelerated  by  passing  ozonized  air  through  the 
apparatus,  and  to  accomplish  this  an  ozonizer  of  moderate 
capacity  would  be  sufficient 

Experiments  similar  to  those  above  described  were  made 
with  ether  and  ozone.  The  oxygen  employed  was  dried  by 
passing  it  through  a  wash-bottle  containing  strong  sulphuric 
acid,  and  thence  through  a  large  U-tube  filled  with  small  frag- 
ments of  pumice-stone  freshly  saturated  with  the  concentrated 
acid.  The  oxygen,  after  passing  from  this  through  the  ozonizer, 
was  conveyed  into  a  flask  containing  the  ether,  and  bubbled 
from  the  extremity  of  a  glass  tube  immersed  in  the  liquid. 
Energetic  action  at  once  took  placa  Each  bubble  of  the  gas 
gave  a  little  cloud  as  it  broke  at  the  surface,  and  the  liquid  in 
a  few  minutes  lost  its  transparency  and  became  opalescent 
This  effect  was  caused  by  the  production  of  a  liquid  not  misci- 
ble  with  the  ether,  and  dispersed  through  it  in  very  minute 
globules.  After  a  time  they  gradually  fell  to  the  bottom  of 
the  flask,  and  coalesced,  first  into  drops,  and  finally  to  a  thin 
stratum  of  liquid. 

After  the  operation  had  been  continued  for  an  hour  or  more, 
the  heavy  liquid  was  examined,  portions  of  it  being  removed 
with  a  thin  glass  tube.  It  was  found  to  be  strongly  acid,  and 
when  tested,  by  neutralizing  it  with  potash  solution,  evaporat- 
ing, and  treating  with  dilute  sulphuric  acid,  gave  an  unmistaka- 
ble odor  of  acetic  acid. 

Tested  with  lime-water,  and  otherwise,  the  liquid  gave 
evidence  of  the  presence  of  a  considerable  proportion  of  oxalic 
acid,  while  its  behavior  with  nitrate  of  silver  and  with  ferric 
chloride  indicated  a  small  amount  of  formic  acid. 

A  small  quantity  of  manganese  di-oxide  was  washed  with 
distilled  water  and  placed  in  a  narrow  test-tube.      When  a 
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little  of  the  liquid  was  dropped  upoD  this,  copious  bubbles  of 
gas  were  given  off,  doubtless  oxygen,  though  in  too  small 
quantity  to  be  tested.  With  ether  (containing  no  hydrogen 
peroxide)  and  chromic  acid  the  liquid  produced  an  intense  blue 
color.  It  also  immediately  discharged  the  color  of  indigo-solu- 
tion. These  tests  indicate  the  presence  of  a  large  percentage 
of  hydrogen  peroxide.  Aldehyde  also  appeared  to  be  indicat^ 
though  with  less  certainty  than  the  other  substances.  The  liquid 
then  was  apparently  water,  formed  partly  by  the  action  of  the 
ozone  and  partly  by  the  condensation  in  the  cold  ether  of  traces 
of  moisture  left  in  the  gas  after  passing  the  drying  apparatus, 
and  holding  in  solution  the  other  products  of  the  reaction, 
namely,  hydrogen  peroxide,  acetic,  oxalic,  and  formic  acids, 
and  probably  aldehyda 

Yale  College,  Jan.  21,  1874. 


Art.  XX. — Notes  on  some  of  the  Fossils  figured  in  the  recently- 
issued  Fifth  volume  of  the  Illinois  State  Geological  Report;  by 
F.  B.  Meek. 

As  stated  by  Prof.  Worthen  in  a  prefatory  note  to  the 
paleontological  part  of  the  aboye  mentioned  yolume,  we  had 
intended,  not  only  to  revise  and  extend  the  previously  pub- 
lished descriptions  of  some  of  our  own  species,  before  senaing 
the  text  of  this  volume  to  the  press,  but  also  to  add  full  de- 
scriptions, with  remarks  on  the  amnities  of  all  the  forms  illus- 
trated on  the  accompanying  plates,  including  many  species  that 
had  been  described  by  others  from  far  inferior  specimens  to 
those  contained  in  the  splendid  collections  at  our  command. 

Ill  health,  however,  and  other  unavoidable  circumstances, 
prevented  the  accomplishment  of  this  design,  and  rendered  it 
necessary  merely  to  repeat  the  previously  published  descrip- 
tions of  our  own  species,  without  modification,  and  to  give  ref 
erences  only  to  the  original  descriptions  of  forms  described  by 
others,  often  from  quite  imperfect  material.  Fortunately  the 
descriptions  of  our  own  species  were  originally  pretty  fully 
written  out,  as  published  in  a  series  of  papers  in  the  Proceed- 
ings of  the  Academy  of  Natural  Sciences  at  Philadelphia  some 
years  back,  and  generally  require  little  modification.  With 
the  aid,  however,  of  the  unrivaled  collections  that  we  had  for 
study,  particularly  those  of  the  Crinoid^a^  mainly  from  Mr. 
Wachsmuth's  collections,  we  could  have  added  much  informa- 
tion to  all  that  was  previously  known  in  regard  to  the  old 
species,  the  original  descriptions  of  which  are  merely  cited 
without  note  or  comments  in  the  text 
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Although  the  figures  we  have  given,  and  the  rather  full  ex- 
planations accompanying  each  plate,  will,  it  is  hoped,  enable 
the  intelligent  paleontologist  to  understand  and  appreciate  the 
new  information  added  to  this  department  of  science  by  these 
illustrations,  some  additional  notes  in  regard  to  the  many  in- 
teresting types  figured  will  doubtless  be  of  service  to  students 
in  using  the  volume.  Of  course,  however,  it  will  be  readily 
understood  that  such  notes  prepared  (here  in  Florida)  without 
any  of  the  type  specimens,  and  out  few  of  the  numerous  works 
of  reference  at  hand,  must  necessarily  be  incompleta  I  will, 
however,  proceed  to  refer  to  such  of  tne  species  figured  as  may 
seem  to  require  some  farther  explanations,  mentioning  them  in 
the  order  in  which  the  figures  occur  on  the  plates,  rather  than 
with  regard  to  natural  arrangement,  or  to  their  relative  posi- 
tions in  the  text,  as  follows  : 

Actinocnnites  sculptilis  Hall ;  plate  IV,  fig.  2. — This  form  was 
originally  figured  and  described  by  Prof  Hall,  in  the  Iowa 
Report,  irom  specimens  showing  only  the  body  up  to  the  base 
of  the  free  rays.  In  a  former  volume  of  the  Illinois  Rejxjrts, 
we  called  attention  to  the  very  peculiar  character  of  the  free 
rays,  and  the  equally  unusual  arrangement  of  the  arms  along 
the  side  of  these  rays,  in  this  type  ;  and  the  figure  cited  above 
was  ^ven  to  illustrate  this  character  more  full  v.  By  reference 
to  this  figure,  portions  of  two  of  these  rays  will  be  seen  extend- 
ing out,  one  on  each  side,  and  bearing  pmnule-like  appendages 
along  their  sides.  These  free  rays,  however,  are  not  properly 
arras,  as  this  term  is  usually  applied  in  descriptions  oi  the 
fossil  Crinoidea,  with  open  ambulacral  furrows  above,  but 
rather,  as  it  were,  extensions  of  the  body,  as  they  are  composed, 
on  the  dorsal  or  under  side,  of  a  direct  continuation  of  each 
radial  series  of  pieces :  while  on  the  upper  or  ventral  side,  they 
are  each  covered  over  by  a  series  of  fixed  pieces,  corresponding 
in  all  respects  with  those  forming  the  vault  of  the  boay,  from 
which  they  extend  out  continuously.  This  covering  over  of 
these  free  arm-like  rays  gives  them  the  character  of  tubes, 
along  each  side  of  which  there  are  small  openings  for  the  con- 
nection of  the  smaller  lateral  appendages  seen  in  the   figure.* 

These  smaller  appendages,  however,  are  not  pinnulie,  as  they 
would  at  a  first  glance  seem  to  be,  but  really  correspond  in  all 
respects  to  the  true  arms  in  all  the  other  types  of  the  Actinu- 
crinites  groups;  and,  as  has  been  determined  by  the  examina- 
tion of  other  specimens,  bear  the  time  pinnulse,  or  tentacles  as 
they  are  sometimes  called,  along  their  inner  margins. 

Another  species,  as  first  shown  by  us  in  a  former  volume  of 
the  Illinois  Keports,  has  the  same  peculiar  arrangement  of  the 
arms  along  tubular  free  rays;  but  in  this  these  free  rays  bifur- 

*  The  structure  of  the  bases  of  these  anns  is  not  well  shown  in  the  engraving. 
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cate  once,  the  divisions  being  long,  straight,  apparently  rigid, 
and  support  the  true  arms  along  each  side.  For  the  group  in- 
cluding the  species  presenting  these  remarkable  tubular  ex- 
tensions bearing  the  true  arms,  we  have,  in  some  of  our  papers, 
and  in  a  former  volume  of  the  Illinois  Reports,  proposed  the 
name  Stegauocrinus, 

In  this  connection,  it  is  worthy  of  note,  that  we  now  know 
species  which,  in  the  same  way,  agree  precisely  in  all  other 
respects  with  Ptaiycrinites^  that  present  exactly  the  same  kind 
of  radial  extensions,  having  the  true  arms  arranged  in  the  same 
way  along  their  sides.  For  this  type  I  have  proposed  the  name 
EuclcLdocrinuSy  in  Dr.  Hayden's  Report  of  the  IJ.  S.  Geological 
Survey  of  the  Territories  for  1871,  page  87^.  Whether  the 
groups  of  species  presenting  these  peculiar  characters  should  be 
viewed  as  subgenera  under  Actinocrinites  and  Platycrinites^  or  as 
separate  and  distinct  genera,  there  may  and  doubtless  will  be 
diflferences  of  opinion,  depending  on  the  peculiar  views  of 
authors  in  regara  to  what  should  constitute  generic,  and  what 
less  impoi*tant  distinctions,  among  such  animals. 

Taxocrinus  Thiemei  Hall;  plate  IV,  fig.  1. — Although  this 
beautiful  crinoid  seems  to  difiler  in  some  of  its  minor  details  of 
structure  from  Forhesiocrinus  TTiiemei  Hall,  it  is  the  form  re- 
ferred to  that  species  by  the  collectors  at  Burlington,  where  the 
typical  F.  Theimei  was  well  known.*  It  would  not,  however, 
properly  fall  into  the  group  ForbesiocrinuSj  whether  we  regard 
that  as  constituting  a  distinct  tjenus,  or  as  only  a  subgenus 
under  TaxocriniLs.  These  two  groups  shade  into  each  other  by 
so  many  gradations,  however,  that  it  is  not  possible  to  divide 
the  numerous  species  now  known  into  two  sharply  defined 
genera  ;  as  was  shown  by  us  in  the  Proceedings  of  the  Academy  of 
Natural  Science  in  lb65,  page  183,  where  we  referred  the 
species  Thiemei  to  the  older  genus  l^axocrinus. 

The  great  development  and  protuberance  of  the  upper  radial 
pieces  in  this  crinoid,  and  the  probably  consequent  drawing 
together  of  the  parts  above,  give  it  a  peculiar  physiognomy, 
not  seen  in  the  typical  Taxocrinus  or  Forhesiocrinus,  Still  it 
seems  to  show  no  differences  of  structure  upon  which  it  can  be 
separated  generically ;  while,  in  the  small  number  of  its  anals 
and  interradials  (the  only  point  of  difference  between  Taxocrinus 
and  Forhesiocrinus),  it  agrees  much  more  nearly  with  Taxocrinus, 
as  may  be  seen  by  comparing  it  with  Forhesiocrinus  Wortheni, 
plate  XIV,  fig.  2,  and  plate  XV,  fig.  7,t  which  is  a  typical  Forhe- 

*  If  I  remember  correctly,  F.  Thiemei  was  described  as  being  without  either 
anal  or  interradial  pieces.  SmaUer  specimens,  however,  believed  to  be  the  young 
of  the  form  we  have  figured,  have  been  found,  that  were  nearly  or  quite  destitute 
of  interradial  pieces,  and  seemed  to  agree  exactly  with  the  description  of  F. 
Thiemei. 

f  The  specimen  from  which  these  two  figures  were  drawn  was  found  loose, 
and  was  evidently  water-worn,  so  as  to  have  lost  its  surface  granules. 
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siocrinus,  with  the  anal  and  interradial  spaces  filled  by  numerous 
pieces.  The  differences  between  both  of  these  types  and  the 
allied  group  Onychocrinus  will  also  be  apparent  by  comparing 
them  with  0.  exculpius  L.  &  C,  plate  XIV,  fig.  4. 

Batocrinus  pyriformis  Shumard  ;  pL  V,  figs.  5a,  6,  c. — The 
original  typical  specimen  of  this  species  consisted  of  the  body 
only,  witnout  the  arms  or  ventral  tube.  Our  figures,  however, 
also  illustrate,  for  the  first  time,  the  arms,  a  portion  of  the 
column  and  most  of  the  ventral  tube  or  proboscis.  At  the  time 
our  figures  were  drawn,  and  the  explanations  of  the  plate  were 
prepared,  the  very  fine  specimen  represented  by  figure  5a  was 
fastened  on  a  board,  with  the  ventral  tube  made  out  by  adjus^ 
ing  together  several  pieces,  so  as  to  include,  with  an  intermediate 
piece,  the  terminal  portion  represented  by  fig.  5c.  Misunder- 
standing Mr.  Wachsmuth,  to  whom  the  specimen  belonged, 
when  he  stated  that  the  pieces  of  the  tube,  as  adjusted  together, 
were  all  known  to  belong  to  the  same  species^  I  left  him  with 
the  impression  that  they  were  known  all  to  belong  to  this  indi- 
vidual specimen. 

On  subsequently  inquiring  more  particularly  about  this,  Mr. 
Wachsmuth,  with  his  usual  conscientiousness  and  candor,  in- 
formed me  that  the  upper  pieces  of  the  tube,  as  made  out, 
although  certainly  known  to  belong  to  the  same  species^  did  not 
belong  to  this  individual  specimen.  He  assured  me,  howev^, 
that,  on  first  seeing  this  specimen,  as  found  embedded  in  the 
rock,  the  tube  was  as  long  as  restored  by  him ;  but  that,  in  de- 
taching it  from  the  matrix,  this  appendage  broke,  and  some  of 
the  terminal  pieces  were  lost  among  the  loose  rocks  at  the 
quarry,  so  that  he  afterward  replaced  the  lost  parts  from  another 
individual  of  this  speciea 

On  receiving  Mr.  Wachsmuth's  letter  containing  this  informa- 
tion, I  struck  out  of  the  figure,  on  one  of  the  proofs  of  the  plate, 
the  portion  of  the  tube  connecting  figures  5a  and  5c,*  so  as  to 
leave  the  latter  detached ;  but  as  I  did  not  afterward  see  the 
explanations  of  the  plate,  the  necessary  correction  there  was 
unintentionally  overlooked,  and  Mr.  Wachsmuth  thus  wrongly 
made  responsible  for  the  assertion  that  the  detached  portions  of 
the  tube  figured  were  known  all  to  belong  to  the  same  individ- 
ual specimen. 

I  mention  the  above  facts,  because,  if  the  terminal  part  of  the 
tube  replaced  from  another  specimen  belonged  to  a  smaller  in- 
dividual^ it  would  necessarily  make  the  extremity  relatively  too 
much  attenuated,  and  the  opening  proportionally  too  small 

Actinocrinites  delicatus  M.  and  W  ;  plate  Vlli,  fig.  2. — Since 
describing  this  little  crinoid  under  the  above  name,  Mr.  Wachs- 

*  It  may  be  proper  to  explain  here,  that,  when  plates  or  figures  are  mentioned  in 
these  notes,  unless  otherwise  stated,  thej  always  refer  to  the  Illinois  Report  under 
consideration. 
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muth  has  informed  me  that  he  has  discovered  at  Burlington  a 
series  of  specimens  of  intermediate  sizes,  that  show  it  to  be  only 
the  young  or  undeveloped  condition  of  one  of  the  large  species 
of  Strotocnnxis;  but,  not  having  his  letter  at  hand,  I  cannot  say 
which.  He  states  that,  as  it  advanced  in  growth,  the  upper  in- 
terradial,  interaxillary  and  interbrachial  pieces,  with  the  over- 
lying vault  plates,  were  gradually  developed,  and,  with  the 
supraradial  and  brachial  pieces,  spread  out  so  as  to  cause  the 
remarkable  dilation  of  the  upper  parts  of  the  body  and  vault, 
so  characteristic  of  the  adult  /Strotocrinus.  If  so— and  Mr. 
Wachsmuth's  unequaled  opportunities  for  observation,  as  well 
as  his  well  known  carefulness  as  an  observer,  render  his  opinion 
on  such  a  point  worthy  of  no  little  consideration — it  would  be 
a  fact  of  much  interest,  since  it  would  show  that  StroiocrinuSy 
at  one  of  the  earlier  stages  of  its  growth,  presents  exactly  the 
characters  of  Actinocrinites.  This,  however,  would  not  neces- 
sarily prove  the  two  types  to  be  generically  or  subgenerically 
identical,  since  there  are  many  examples,  in  various  departments 
of  natural  history,  in  which  two  clearly  distinct,  but  allied, 
genera  agree  in  all  essential  generic  characters,  in  their  young 
state,  until  they  advance  to  a  certain  stage  of  growth,  which,  in 
one,  becomes  its  fixed  adult  condition  ;  while  the  other  goes  on 
to  develop  the  additional  distinguishing  characters.  It  would 
show,  however,  that  Strotocnmis  holds  a  higher  position  in  the 
scale  of  development  than  Actinocrinites, 

Looking  at  tlie  figures  only,  without  having  the  specimens  at 
hand  for  farther  study,  it  would  seem  to  me  quite  as  probable 
that  our  Actinocrinites  penicilliis  (fig.  2*  of  the  same  plate  cited 
above)  may  be  a  young  Strotocrinus,  We  doubtless  have  much 
to  learn  yet  in  regard  to  the  development  of  the  fossil  Crinoidea 
that  will  gradually  come  to  light  as  more  and  more  extensive 
collections  accumulate ;  possibly  to  modify,  to  some  extent, 
the  prevalent  views  in  regard  to  their  classification. 

(To  be  continued.) 


Art.  XXI. — On  the  Connection  betneen  Isomorphism,  Molecular 
Weight  and  Physiolofjical  Action  ;  by  James  Blake,  M.D. 

Having  been  engaged  for  many  years  in  investigating  the 
action  of  substances  when  introduced  directly  into  the  veins 
or  arteries  of  living  animals,  I  have  obtained  some  results 
which  I  consider  are  of  interest  under  a  purely  chemical  point 
of  view.  In  the  following  table  the  substances  experimented 
with  have  been  arranged  in  groups  according  to  their  physiolog- 
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ical  action,  and  after  the  name  of  each  substance  is  the  quan- 
tity required  to  be  injected  into  the  veins  or  arteries  in  order 
to  arrest,  in  the  course  of  a  few  minutes,  the  reactions  between 
the  different  solids  and  fluids  of  the  body  which  constitute  lifa 
These  reactions  are  arrested  in  the  same  manner  by  all  the 
substances  contained  in  the  same  group  ;  but  in  a  distinct  and 
totally  different  manner  by  substances  contained  in  different 
groups.  This  is  not  the  place  to  dwell  on  the  physiological 
phenomena  that  have  been  observed.  Details  of  many  of  my  ex- 
periments will  be  found  in  the  3d,  4th,  5th  and  7th  volumes  of 
the  Journal  of  Anatomy  and  Physiology. 

Note. — I  have  appended  to  each  g^up  a  statement  of  the  more  marked  physio- 
logical reactions  that  characterize  the  substances  it  contains. 

Gboup  1. 

Lithic  sulphate, 2*66  ^  Impede  pulmonary  circulation.    Killby 

Sodic  nitrate, r30  v     ueir  action  on  the  lungs;  do  not 

Rubidium  chloride, 0*25  )     affect  the  irritability  of  the  heart 

Thallic  sulphate, 0*20    Bender  the  blood  more  fluid.    Do  not 

affect  nervous  system  except  Cs. 
Caesium  chloride, 0*66  )  Do  not  impede  systemic  circulation  ex- 
Silver  nitrate, 0*12  J"     oept  Ag. 

Gboup  2. 

■ 

liagnesic  sulphate, 6*40  )  Do  not  affect  the  pulmonary  or  systemic 

Ferrous  sulphate, 2*24  J"     circulation.  , 

Manganous  sulphate, 100)  Exert  a  marked  action  on  nervous  sjs- 

Nickel  sulphate, 1-20)      tem. 

Cobalt  sulphate, 1*30)  Arrest  the  action  of  the  heart  Prevent 

Copper  sulphate, 1*20  >•     the  coagulation  of  the  blood  except 

Zinc  sulphate. 1*30)      Mg. 

Cadmium  sulphate, 0'60 

Group  3. 

Nitrate  beryllium, 0'65  [Impede  the  systemic  and  pulmonary 

Sulphate  alumina, 0*68  )      circulation. 

Yttria  nitrate, 0*26    Heart  not  affected. 

Cerium  chloride, 0*22    Blood  coagulates  firmly. 

Ferric  sulphate, 0-19 

Gboup  4. 

Calcium  chloride, 3*28')  No  effect  on  systemic  or  pulmonary 

Strontium  nitrate, 2*64  I      circulation  except  Pb.    Ventricles  of 

Barium  chloride, 0*32  [      l!eart  paralyzed.    Contraction  of  vol- 

J      untary  muscles  after  death. 
Lead  acetate, 0.76 

Gboup  5. 

Palladium  chloride, 0*064    Act  on  the  heart. 

Platinum  chloride, 0*120  j  Render  respiration  intermitted.  Impede 

Kalium  chloride, 0*12  oj-     systemic    circulation.      Change   the 

Ammonium  Iridium  chloride, 0*064  )      physical  properties  of  the  blood. 

Group  6. 

Ammonia  nitrate, 3*00)  Paralyze  the  heart.     Impede  systemic 

Ealium  nitrate, 0*33  y     circulation.     Favor  the  coagulation 

)      of  the  blood  and  cause  convulsions. 
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Gboup  1. 

"^Chlorhydfic  add, 0*46  "j  Impede  systemic  and  pulmonary  circu- 

Modhydric  add, 0*62  I      lation.    Increase  the  irritability  of 

Bromic  add, 0*75  f     the  heart  (ventrides).  Kill  by  arrest- 

lodicadd,. 1*00J      ing  the  respiration. 

Group  8. 

Phosphonc  add,. 4*00 )  No  well  marked  physiological  effects 

Arsenic  add, 4*00  v     in  large  quantities.  Kill  by  arresting 

Antimony  tartrate, 2*70  )     pulmonary  circulation. 

Gboup  9. 

Sulphuric  add, 1  *7  )  Impede  pulmonary  drculation.    Acton 

Selenic  add, 1*4)      Uie  nervous  system. 

A  simple  inspection  of  the  above  tablef  will  suffice  to  show 
the  fiacts  which  have  led  me  to  submit  these  remarks  to  the 
Chemical  Society,  viz :  the  connection  between  isomorphism 
and  physiological  action  of  the  compounds  of  the  metals  and 
metalloids,  wnen  they  are  introduced  directly  into  the  blood, 
and  also  amount  the  more  purely  metallic  elements,  the 
general  increase  m  the  intensity  of  the  physiological  action  of 
the  bodies  in  each  isomorphous  group,  as  the  atomic  weight  of 
the  electro-positive  element  of  the  compound  increases.  The 
connection  of  physiological  action  with  isomorphism,  I  pub- 
lished more  than  thirty  years  ago,  in  a  paper  read  before  the 
Royal  Society  in  June,  1841,  and  subsequent  investigations 
have  confirmed  the  truth  of  the  statement  1  then  made.  I  was 
led  to  investigate  the  connection  between  the  physiological  ac- 
tivity of  a  substance  and  its  atomic  weight  by  a  communica- 
tion made  by  Dr.  Eabuteau  to  the  Academic  des  Sciences  in  1869, 
in  which  it  was  stated  that  **  the  metals  are  more  active  physio- 
logically according  as  their  atomic  weights  are  more  elevated." 
A  review  of  my  experiments  plainly  showed  that  this  was  not 
the  case ;  for  instance,  beryllium,  with  an  atomic  weight  of  9  is 
far  more  poisonous  than  strontium  with  an  atomic  weight  of 
87 ;  but  the  facts  I  had  observed  plainly  show  that  in  the  case 
of  the  more  purely  metallic  elements  the  physiological  activity 

^  Injected  into  the  arteries. 

f  The  numbers  contained  in  the  above  table  can  but  be  approximative,  as  must 
be  the  case  in  operating  with  a  substance  of  such  uncertain  properties,  as  living 
matter  subject  to  variations  which  in  the  present  state  of  sdence  we  are  unable 
to  detect  The  manner  in  which  the  experiments  were  performed  was  not  cal- 
culated to  furnish  accurate  data  as  to  the  smallest  quantity  of  the  different  sub- 
stances that  would  destroy  life.  After  one  or  two  preliminary  experiments  to 
ascertain  the  general  physiological  action  of  a  substance,  and  the  quantities  in 
which  it  could  be  used,  the  experiments  recorded  were  made  by  injecting  the 
substance  into  the  veins  or  arteries,  in  quantities  sufficient  to  produce  the  physio- 
logical effects,  but  not  so  as  to  destroy  life  until  three  or  four  injections  had  been 
made.  It  is  the  sum  of  the  quantities  so  used  in  ail  the  experiments  recorded 
that  have  furnished  the  numbers  in  the  table,  reduced,  however,  to  the  same 
weight  of  animal  ^for  dogs  7  kilo.,  for  rabbits  1-4  kilo. ;  rabbits  were  only  used  in 
^  first  group.  As  the  experiments  were  all  made  in  the  same  manner,  the  num- 
bers thus  obtained  are  fairly  comparable.) 
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in  the  same  isomorphous  group  generally  increases  with  the 
atomic  weight  For  instance,  in  the  first  group,  the  relative 
physiological  activity  between  the  compounds  of  Li  and  K  is 
125  : 1 ;  in  the  2d  group,  between  Mg  and  Cd  104:  1 ;  in  the 
3d  group,  between  Se  and  Fe  3 : 1 ;  in  the  4th  group,  between 
Ca  and  Ba  10 : 1.  In  the  5th  group,  the  Quantities  used  were 
so  small,  and  in  the  case  of  Pt  and  Ir  douole  salts  had  to  be 
used,  so  that  the  numbers  representing  the  relative  physiologi- 
cal activity  hardljr  admit  of  comparison.  In  the  whole  group, 
there  is  great  physiological  activity  combined  with  high  atomic 
weight  In  the  metalloids  this  connection  between  physiological 
activity  and  atomic  weight  does  not  exist,  although  the  particu- 
lar reactions  caused  by  each  group  is  still  dependent  on  their 
isomorphous  relations,  as  closely  as  in  the  case  of  the  true  metals. 

The  only  well  marked  exceptions  that  have  been  met  with 
to  the  analogous  action  of  isomorphous  elements  are  in  the  salts 
of  potash  and  ammonia.  Both  these  substances  differ  entirely 
in  their  action  from  the  other  bodies  in  the  soda  group.  I  am 
aware  that  the  isomorphism  of  soda  and  potash  has  been  called 
in  question  by  some  cnemists,  and  it  certainly  does  not  fit  into 
the  soda  group,  by  the  relative  increase  of  its  specific  weight 
.  with  its  atomic  weight  As  regards  the  salts  of  ammonia,  they 
are  also  totally  distinct  in  their  action  from  the  salts  of  the 
soda  group,  resembling  to  a  certain  extent  many  of  the  organic 
poisons  by  their  action  on  the  nervous  system.  The  salts  of 
silver  and  of  lead  also  differ  in  some  respects  in  their  physio- 
logical action  from  the  other  substances  of  the  group  to  which 
they  belong.  They  both  give  rise  to  the  well  marked  reactions 
characterizing  each  group,  yet  they  both  produce  certain 
effects  on  the  capillary  circulation  in  which  they  resemble  each 
other,  but  in  which  they  differ  from  other  members  of  the 
group  in  which  each  is  placed.  Caesium  also  differs  from  the 
other  members  of  the  first  group  by  its  action  on  the  nervous  s}- s- 
tem.*  With  these  exceptions  the  substances  contained  in  the 
same  group  agree  with  each  other,  in  the  effects  they  produce  on 
the  pulmonary  and  systemic  circulation  in  their  action  on  the 
heart,  and  on  the  nervous  and  muscular  systems,  and  in  the 
physical  changes  they  give  rise  to  in  the  blood.  In  the  present 
imperfect  state  of  our  knowledge  as  regards  the  isomorphous 
relations  of  the  element*^,  it  would  be  useless  to  speculate  on 
the  nature  of  the  changes  induced  on  living  matter  by  dif- 
ferent groups  of  isomorphous  substances. 

These  changes  must  be  quite  different  from  those  occurring 
in  ordinary  chemical  reactions,  as  in  these  reactions  the  greater 

**  It  will  be  seen  on  referring  to  the  table  that  these  three  substances  present 
the  most  striking  anomalies  as  to  the  connection  of  physiological  intensity  with 
increased  atomic  weight. 
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the  atomic  weight  of  a  substance,  the  larger  the  qaantity  re- 
quired to  produce  analogous  chemical  changes,  whereas  in  these 
physiolc^cal  reactions  the  reverse  of  this  is  the  case.  They 
would  appear  to  be  more  closely  connected  with  the  phenomena 
of  dissociation  than  with  any  other  chemical  process.  What- 
ever the  nature  of  these  changes  may  be,  they  are  evidently 
connected  with  the  molecular  constitution  of  the  compound,  as 
in  the  ferrous  and  ferric  salt  not  only  is  the  intensity  of  the 
physiological  action  increased  by  the  change  from  a  bivalent 
to  a  quadrivalent  molecule,  but  the  nature  of  the  action  is  com- 
pletely altered.  The  most  important  deductions  from  these 
experiments  are — 

1.  In  the  changes  induced  in  living  matter  by  inorganic 
compounds,  the  character  of  the  change  depends  more  on  the 
physical  properties  of  the  reagent  than  on  its  more  purely 
chemical  properties. 

2.  That  the  character  of  the  changes  is  determined  by  the 
isomorphous  relations  of  the  electro-positive  element  of  the 
reagent* 

3.  That  among  the  compounds  of  the  more  purely  metallic 
elements,  the  quantity  of  substances  in  the  same  isomorphous 
^oup  requirea  to  produce  analogous  changes  in  living  matter, 
IS  less  as  the  atomic  weight  of  the  electropositive  element  in- 
crease& 

4.  That  the  action  of  inorganic  compounds  on  living  matter 
appears  not  to  be  connected  with  the  changes  they  produce  in 
tbe  proximate  elements  of  the  solids  and  fluids,  when  no  longer 
forming  part  of  a  living  body,  at  least  in  so  far  as  our  present 
means  oi  research  enable  us  to  judge. 

6.  That  in  living  matter  we  possess  a  reagent  capable  of  aid- 
ing us  in  our  investigations  on  the  molecular  properties  of  sub- 
stances. 

S«n  Frandfloo,  California,  Dec.  let,  1873. 


Art.  XXIL — On  the  Dissociation  of  certain  Compounds  at  very 
low  Temperatures ;  by  A.  R  Leeds,  Prof.  Chemistry,  Stevens 
Institute  of  Technology. 

It  has  been  shown  by  Fittigf  that  ammonic  chloride,  when 
in  solution  in  water,  is  decomposed  by  boiling.  H.  C.  DebbitsJ 
has  recently  investigated  other  salts  of  ammonia,  especially  the 
nitrate,  sulphate,  oxalate  and  acetate,  and  has  found  that  all  of 

**  In  a  memoir  read  before  the  Academie  des  Sciences,  Paris^  in  June,  1839, 1 
iroTod  that  on  injecting  saline  solutions  directly  into  the  blood,  this  phjrsiological 
tction  was  determined  by  the  electro-positive  element  of  the  compound  being  bat 
little  influenced  by  the  add  with  whidi  it  was  combined. 

f  Ann  Ghem.  Pharm., cxxviii,  s.  189.    %  Ber.  der  Deutsch.  Chem.  Gesell,  y,  p.  820. 
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these  liberate  ammonia,  not  only  when  their  solutions  are  boiled, 
but  also,  in  case  a  current  of  pure  hydrogen  is  passed  through 
their  saturated  solutions,  at  the  ordinary  temperatures  and  even 
at  0°  C.  This  latter  observation  is  a  confirmation  of  what 
was  stated  previously  by  M.  Gemez,*  that  when  an  inert  gas 
like  hydrogen  or  nitrogen  is  passed  through  a  salt  in  solution 
or  in  the  fused  condition,  it  causes  the  liberation  of  a  certain 
constant  quantity  of  that  one  of  the  constituents  which  is 
volatile  at  the  temperature  of  the  experiment  This  is  true  of 
the  hydrosulphates,  the  bisulphites,  the  biacetates  and  the 
bicarbonates,  a  solution  of  potassic  bicarbonate  "  even  at  ten 
degrees  liberating  inci'easing  quantities  of  carbonic  acid."  In 
like  manner  the  nitrates  may  be  made  to  set  free  a  portion  of 
the  acid  at  temperatures  far  below  those  which  are  ordinarily 
regarded  as  their  decomposing  points. 

The  object  of  the  present  investigation  is  to  establish  : — 

1st  That  it  is  not  necessary  to  change  the  atmosphere  in 
contact  with  the  particles  of  the  salt  held  in  solution,  Dy  pass- 
ing a  current  of  an  inert  gas,  in  order  to  induce  dissociation  at 
temperatures  below  the  boiling  point 

2a.  That  there  is  a  certain  nxed  temperature,  which  is  dif- 
ferent in  the  various  salts,  at  which  the  dissociated  constituent 
can  be  detected  and  recognized  by  sufficiently  delicate  tests. 

8d.  That  it  is  highly  probable  that  the  dissociation  of  these 
salts  in  solution  is  analogous  to  the  evaporation  of  the  solvent, 
and  that  while  it  arrives  at  a  maximum,  under  ordinary  atmos- 
pheric  pressures,  at  the  boiling  points  of  their  saturated  solu- 
tions, yet  it  takes  place  in  a  diminishing  proportion  at  much 
lower  temperatures,  in  some  cases  even  below  their  freezing 
points. 

The  reagent  employed  in  these  experiments  was  alizarin,  an 
alcoholic  solution  of  which  will  readily  detect  one  part  of  soda 
in  three  million  of  water,  and  a  correspondingly  small  amount 
of  potash,  ammonia,  etc.  The  apparatus  consisted  of  a  small 
flasK,  closed  by  a  cork  through  which  a  delicate  thermometer 
was  passed  with  its  bulb  immersed  below  the  surface  of  the 
liquid.  A  short  tube  entering  the  neck  of  the  flask  at  right 
angles,  contained  a  coil  of  alizarin  paper,  dry  and  carefully 
supported  out  of  contact  with  any  moisture  wliich  might  con- 
dense on  the  sides  of  the  tuba  'f  he  results  of  the  experiments 
are  given  in  the  following  table,  Bar.  29'84 — 29*82  in. 

The  temperature  of  the  solutions  at  the  beginning  of  the 
experiments  was  17°-20°  C,  and  the  increase  was  conducted 
very  gradually  and  slowly,  about  a  half  hour  being  required 
for  each  determination.  The  alkaline  reaction  was  made  evi- 
dent by  a  quick  and  sharp  transition  from  yellow  to  red  of  the 
alizarin  paper  at  the  temperatures  indicated.     In  the  case  of 

*  Comptes  Rendus,  Iziy,  p.  606. 
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amnionic  chloride  it  would  at  first  appear  that  there  was  a  pro- 
gressively slow  increase  of  the  point  of  sensible  dissociation 
with  the  dilution  of  the  liquid,  but  this  was  probably  owing  to 
the  extreme  slowness  with  which  the  liberated  ammonia  from 
a  very  dil^ite  solution  diffused  itself,  rendering  it  difficult  not 
to  overstep  the  temperature  actually  requisite. 


Liquid. 

Be«ctioB  of 
Liquid. 

Parts  In  100. 

Temp. 

Mean. 
37." 

BeactloB  of  Vapor. 

Ammonic  Chloride, 

Feebly  acid. 
it 

10-60 
tt 

37' 0. 
37" 

Strongly  alkaline. 

it            ft 

it             i( 

it 
tt 

630 

it 

38' 
39* 

38"-6 

AUcaline. 

It            It 

t(             ii 

2*66 

39" 

tt            tt 

It                   i( 

it 
tt 

40** 
39' 

39"-3 

Feebly  alkaline. 
ii           tt 

it                    it 

1-326 

39"  39" 

tt            tt 

it                    it 

it 

39''  4r 

39"-2 

a               tt 

i.                    tt 

It 

38"  39* 

a               i< 

Ammouic  Sulphate, 

Acid. 

it 

46-62 
it 

60" 
61" 

50" -6 

AUcaline. 
tt 

tt             it 

it             it 

a 

22-81 

61" 

61"- 

tt 

it             ti 

tt 

It 

61" 

tt 

it             it 
*t             it 

11-40 

tt 

60" -6 
60"-6 

60"-6 

Faintly  alkaline, 
it          tt 

Ajximonic  Oxalate, 
ti             it 

Strongly  alk. 

Saturated, 
at  V'b  C. 

-1" 
-1" 

-1" 

Strongly  alkaline. 

Ammonic  Acetate. 

i 

Acid. 

Saturated. 

atn^c. 

56" 
65" 

66" 

Alkaline, 
tt 

The  ammonic  oxalate  was  surrounded  by  a  freezing  mixture, 
and  when  the  mass  was  frozen,  an  alkaline  reaction  was  ob- 
tained almost  immediately  on  inserting  the  coil  in  the  exit  tube. 
The  atmosphere  surrounding  the  apparatus  in  this  experiment 
was  likewise  below  the  freezing  point  It  is  probable  that  the 
point  of  sensible  dissociation  was  much  lower  than  that  ob- 
served. 

Finally,  this  point  of  sensible  dissociation  depends  on  the 
circumstances  of  the  experiment,  and  the  delicacy  of  the  appa- 
ratus and  reagents  employed  in  its  detection.  For  when  a 
thermometer  and  a  coil  of  paper  supported  at  the  distance  of 
3°"  from  the  surface  of  the  liquid  were  placed  in  a  sealed  flask 
containing  the  ammonic  chloride  solution  employed  in  the  first 
experiments,  tabulated  above,  it  was  reddened  at  the  expira- 
tion of  an  hour,  the  temperature  being  20^,  and  when  the  flask 
was  previously  exhaused  of  air,  at  17°  C.  The  lower  tempera- 
ture in  the  last  case  was  probably  due  to  the  rising  of  air 
bubbles  into  the  vacuum  above  the  liquid.  The  temperatures 
of  sensible  dissociation  above  given  are  not  to  be  regarded 
therefore  as  absolute,  but  as  relative  and  valuable  only  as  indi- 
cative of  the  comparative  dissociability  of  these  salts  when  in 
aqueous  solution. 

Stevens  Institute,  Jan.  19th,  1874. 

AM.  Jour.  Sci.— Third  Sbribs,  Vol.  VII,  No.  39.— March,  1874. 
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Art.  XXIIL — On  the   Lifluence  of  Color  upon  Reduction  by 
Light;  by  M.  Carey  Lea,  Philaaelphia. 

In  all  metallic  salts  which  suflTer  reduction  by  exposure  to 
light,  the  facility  of  reduction  varies  with  the  acid  to  which 
the  base  is  united.  Thus  in  the  case  of  iron,  ferric  oxalate  and 
citrate  are  much  more  easily  reduced  than  ferric  sulphate. 
Further,  the  reducibility  of  any  salt  is  generally  much  in- 
fluenced by  substances  placed  in  contact  with  it  Thus  silver 
chloride  exposed  to  light  alone,  changes  somewhat  slowly  to  a 
violet  color;  in  contact  with  silver  nitrate  it  changes  more  rap- 
idly and  assumes  a  deeper  color ;  and  if,  in  addition,  we  place 
certain  sorts  of  organic  matter  in  contact  with  it,  the  change  is 
still  more  rapid  and  an  intense  black  color  may  result  Pure 
silver  iodide,  as  I  have  shown  elsewhere,  undergoes  no  chemical 
decomposition  when  exposed,  completely  isolated,  to  the  sun, 
but  in  contact  with  silver  nitrate,  and  also  with  many  other  sub- 
stances, it  is  extremely  impressible.  The  sensitiveness  to  light 
of  silver  bromide  also  is  greatly  modified  by  substances  placed 
in  contact  with  it 

As  respects  silver  bromide,  a  new  and  interesting  view  has 
been  recently  published  by  Dr.  Herrman  Vogel.  He  aflSrms 
that  substances  placed  in  contact  with  silver  bromide  do  not 
merely  affect  its  general  sensitiveness  to  light,  but  also  modify 
its  impressibility  by  rays  of  diflTerent  refrangibilities,  so  that 
spectra  impressed  on  a  silver  bromide  surface  will  not  merely 
vary  in  general  intensity,  by  changing  the  accelerating  sub- 
stance placed  in  contact  with  the  bromide,  but  that  the  rela- 
tive intensities  of  different  portions  of  the  spectrum  will  also 
change.  That  the  change,  moreover,  will  follow  a  certain  law, 
to  wit :  that  colored  substances  absorbing  certain  rays  will  in- 
crease the  impressibility  of  the  bromide  to  those  rays  which 
they  absorb.  Thus  a  colored  substance  (itself  capable  of  unit- 
ing with  bromine)  which  absorbs  the  yellow  rays  and  radiates 
the  rest  of  the  spectrum,  will  increase  tne  sensitiveness  of  silver 
bromide  to  the  yellow  ray.  Dr.  Vogel  even  affirms  that  he 
can  render  silver  bromide  as  sensitive  to  the  yellow  ray  as  to 
the  violet. 

It  seemed  therefore  a  matter  of  interest  to  determine  whether 
any  general  law  existed  that  when  a  metallic  compound  capa- 
ble of  reduction  by  light  was  placed  in  contact  with  a  body 
capable  of  being  oxidized  (or  of  uniting  with  CI,  Br  or  I,  as  the 
case  may  be),  the  capacity  of  reduction  of  the  metallic  com- 
pound by  any  particular  portion  of  the  spectrum  would  be  in- 
fluenced by  the  color  of  the  body  placed  in  contact  with  it     If, 
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for  instance,  a  ferric  salt  be  placet!  in  contact  with  an  oxidizable 
body  of  well  marked  color,  will  the  reducibility  of  the  ferric 
salt  by  particular  rays  be  modified  ?  And  if  so,  will  it  follow 
the  law  announced  by  Dr.  Vogel  for  silver  bromide,  that  the 
sensibility  of  the  reducible  compound  will  be  exalted  to  those 
rays  which  are  absorbed  by  the  body  placed  in  contact  with  it? 
To  solve  this  question,  I  have  made  an  extended  series  of 
experiments.  But  I  have  not  been  able  to  verify  the  existence 
of  such  a  law.  The  results  which  I  have  obtained  are  briefly 
AS  follows. 

Ferric  Salts. 

Ammonia  ferric  oxalate  was  selected  as  the  most  easily  re- 
ducible of  the  ferric  salts.  To  obtain  accurate  results  with  it, 
however,  much  care  is  needed  in  its  preparation.  It  is  neces- 
sary that  it  should  be  prepared  entirely  in  the  cold:  if  any 
heat  is  used  to  aid  the  si^lution  of  the  ferric  oxide  in  ammonia 
binoxalate,  I  find  that  there  is  danger  of  reduction  and  the 
product  mav  contain  ferrous  salt,  even  a  trace  of  which  renders 
it  unsuitable  for  use.  Freshly  precipitated,  and  still  moist, 
ferric  hydrate,  if  lelt  in  contact  with  a  solution  of  ammonia 
binoxalate  for  about  a  week  at  ordinary  temperatures,  gives  a 
pure  product  free  from  ferrous  salt 

Strips  of  paper  were  first  strongly  colored  with  aurine,  with 
aniline  blue  and  aniline  green ;  they  were  then  impregnated  with 
the  ferric  salt,  and  were  exposed  to  light  side  by  side  with  ordi- 
nary white  paper  similarly  impregnated  with  the  ferric  salt 

The  exposure  of  these  and  of  all  the  following  preparatioris 
was  managed  in  the  following  manner.  Colored  glass  was  ob- 
tained of  shades  corresponding  as  nearly  as  possible  with  the 
colors  of  the  spectrum.  Violet  and  green  glass  could  be  found 
in  commerce  of  suitable  shades.  The  other  colors  were 
obtained  by  dissolving  suitable  transparent  pigments  in  varnish 
and  coating  glass  with  it  With  the  aid  of  aniline  colors  and 
colorless  varnish,  the  most  brilliant  shades  were  obtained,  with 
a  perfect  transparency.  These  glasses  were  next  cut  into  strips 
ten  inches  long  and  five-eighths  wide  and  arranged  to  form  a 
sort  of  artificial  spectrum,  under  which  papers  of  ditierent 
preparation  could  be  simultaneously  exposed.  It  is  evident 
that  in  some  respects  this  mode  of  operating  is  less  advanta- 
geous than  that  of  exposure  to  a  real  spectrum.  But  this  dis- 
advantage is  compensated  by  the  possibility  afibrded  of  a  most 
accurate  comparison  of  the  efiects  of  the  various  substances,  in- 
asmuch as  the  di  He  rent  papers  can  all  be  exposed  simultane- 
OQslv  and  all  receive  precisely  the  same  impression.  There 
results  an  accuracy  of  comparison  which  can  perhaps  be  ob- 
tained in  no  other  wav. 
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The  papers  prepared  with  ferric  salt  alone,  and  also  those 
with  ferric  salt  in  contact  with  the  colors  named,  were  simul- 
taneously exposed.  They  were  then  plunged  into  solution  of 
ferridcyanide  of  potassium,  which  renders  evident  whatever 
reduction  has  taken  place  by  the  production  of  TumbuU's  blue, 
the  unreduced  portions  remaining  white. 

ResulL — The  series  of  experiments  was  carefully  repeated 
three  times.  The  aniline  blue  was  found  to  be  entirely  with- 
out influence ;  the  printed  spectrum  obtained  corresponded  in 
every  respect  with  that  of  tne  plain  ferric  salt  Tne  aniline 
green  slightly  diminished  the  impressibility,  but  not  more  in 
one  part  than  another.  Aurine  produced  tnis  effect  still  more 
strongly. 

Neither  coloring  matter  exerted  any  speciflc  influence  on  the 
impressibility  by  any  particular  portion  of  the  spectrum. 

Other  colorinff  matters  were  tried  without  results  of  special 
interest,  except  tnat  a  cold  aqueous  extract  of  safflower  (cartha- 
mus)  much  heightened  the  sensitiveness  to  the  whole  spec- 
trum, perhaps  doubling  it.  But  this  increase  extended,  as  it 
was  judged,  equally  to  all  the  rays. 

Potassium  Bichromate. 

In  contact  with  aurinty  potassium  bichromate  exhibited  no 
change  of  action  in  its  behavior  to  white  blue  or  violet  light, 
nor  in  the  orange  or  red.  But  in  the  yellow  it  was  distinctly 
less  impressed  than  in  the  plain  bichromate  band. 

The  papers  colored  with  aniline  blue  and  green  behaved  like 
the  plain  bichromate,  except  that  they  were  perhaps  a  little 
less  sensitive  to  the  whole  spectrum.  These  results,  including 
that  with  aurine,  were  obtained  alike  whether  the  exposure  to 
light  was  short  or  long. 

Potassium  Fen-idcyanide, 

Papers  colored  with  aurine,  coralline,  aniline  red,  blue  and 
green,  and  with  mauveine  were  exposed.  The  reduction  was 
first  brought  out  with  ferric  ammonia  alum.  The  influence  of 
that  substimce  in  darkening  and  setting  the  aniline  colors  was 
found  very  objectionable,  and  little  could  be  learned  from  the 
bands  so  obtained.  Ferric  ammonia  oxalate  was  then  substi- 
tuted with  excellent  resulta 

All  of  the  six  colors  above  mentioned  acted  by  diminishins^ 
the  impressibility  of  the  ferrid -cyanide,  so  that  the  printed 
spectra  obtained  were  all  weaker  than  that  of  the  plain  ferrid- 
cyanide  paper  used  for  comparison.  But  the  weakening  was 
general  throughout  the  range  of  the  spectrum,  and  no  relation 
could  be  traced  as  existing  between  the  color  used  and  the 
impression  made  by  particular  rays. 
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KosaQiline  and  aniline  green  weakened  the  sensitiveness  very 
slightly,  almost  imperceptibly ;  mauveine  and  coralline  much 
more,  aurine  and  blue  most  of  all. 

The  reduction  undergone  by  potassium  ferridcyanide  may 
also  be  rendered  evident  by  exposing  the  paper  to  the  action 
of  uranic  nitrate,  which  strikes  a  deep  red-orown  with  the 
ferrocyanide  and  a  yellowish  color  with  the  unchanged  ferrid- 
cyaniae.  A  complete  series  of  papers  examined  in  this  way 
snowed  that  all  tne  colors  tried,  rosaniline,  mauveine,  aniline 
green,  aniline  blue,  coralline  and  aurine,  diminished  the  facility  of 
reduction  at  the  less  refrangible  half  of  the  spectrum,  and 
most  of  all  the  blue  and  coralline.  As  respect  the  more 
refrangible  half  of  the  spectrum,  all  the  colors  acted  injuri- 
ously, and  each  to  about  the  same  extent 

When  ammonia  ferric  oxalate  is  mixed  with  potassium  fer- 
ridcyanide in  solution,  and  exposed  to  light,  a  violet  color 
r^ults  which,  by  simply  plunging  into  water,  passes  to  a  rich 
blue.  As  the  action  where  tnese  two  substances  are  exposed 
together  is  somewhat  different  from  that  which  takes  place  when 
one  only  is  exposed  and  the  other  is  applied  subseq^uently,  a 
series  of  papers  was  prepared  with  the  two  salts  mixed,  and 
combined  with  the  colors  already  mentioned. 

None  of  the  six  colors  tried  increased  the  impressibility  of 
the  sensitive  papers  to  any  ray  of  the  spectrum,  but  the  coral- 
line, aurine  and  blue  diminished  the  sensitiveness  to  the  entire 
range  of  rays  from  red  to  violet.  The  green  diminished  the 
sensitiveness  to  the  less  refrangible  end  rather  more  than  to  the 
more  refrangible  end,  and  the  rosaniline  and  mauveine  pro- 
duced scarcely  any  observable  effect  whatever. 

A  separate  series  of  trials  was  made  to  test  the  effect  of  the 
colors  on  the  impression  of  violet  light  as  compared  with  white 
light,  by  giving  much  shorter  exposures  than  in  the  preceding 
experiments.  If  coloring  matters  as  such  have  any  influence 
on  the  susceptibility  to  the  action  of  particular  rays,  then  a 
range  of  six  colors  extending  from  violet  blue  to  deep  red 
ought  in  some  cases  to  favor  the  action  of  the  violet,  in  others 
to  interfere  with  it  But  after  very  careful  and  repeated  trials, 
it  was  found  that  all  the  colors  lowered  the  sensitiveness  to 
both  violet  and  white,  to  both  equally,  and  with  all  the  colors 
to  about  the  same  extent 

Uranic  Nitrate, 

The  same  range  of  coloring  matters  were  tried  with  uranic 
nitrate,  the  extent  of  reduction  being  made  evident  by  the 
subsequent  application  of  potassium  ferridcyanide,  which  with 
uranous  nitrate  gives  a  burnt  sienna  colored  precipitate. 
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The  first  series  was  tried  with  short  exposures  to  violet  and 
to  white  light  only.  In  this  case  the  mauveine  appeared  to 
give  a  slight  increase  of  sensitiveness,  but  as  this  extended 
equally  to  white  and  to  violet,  no  conclusion  as  to  influence  on 
specific  rays  could  be  drawn.  The  aniline  green,  blue  and 
rosaniline  diminished  the  general  sensitiveness  a  little,  the 
coralline  a  good  deal,  and  the  aurine  nearly  destroyed  it 

Under  the  influence  of  the  entire  spectrum  the  following 
results  were  obtained. 

Bed  and  orange  rays.     Mauveine  same  as  plain  uranium  salt; 

other  colors  less  sensitive. 
Yellow.     Rosaniline  sjime  as  plain  uranium  salt;  other  colors 

less  sensitive. 
Green  and  blue.     All  the  colors  less  sensitive. 
Violet.     Mauveine  same  as  plain  uranium  salt;  all  the  rest  less 

sensitive. 

These  eflfects  are  evidently  not  capable  of  being  reduced  to 
any  general  law. 

Silver  Chloride. 

A  number  of  experiments  led  to  the  following  results  : 

Coralline  increased  the  sensitiveness  to  all  the  rays,  bat 
especially  to  blue  and  violet,  in  which  the  increase  is  very 
considerable. 

Rosaniline  increased  the  sensitiveness  to  blue  and  violet,  but 
diminished  all  the  rest. 

Aniline  blue  diminished  sensitiveness  to  green,  increased  it 
to  yellow,  and  was  without  effect  on  the  rest 

Aurine  diminished  sensitiveness  to  all. 

Mauveine  and  aniline  green  were  without  effect 

Litmus  reddened  by  acetic  acid  strongly  increased  the  sensi- 
tiveness to  the  blue  and  violet,  and  somewhat  diminished  it  to 
the  red  and  orange. 

Here  we  have  three  red  colors  increasing  the  sensitiveness  to 
the  blue  and  violet  But  one,  coralline,  increases  the  sensitive- 
ness at  the  red  end  also,  whereas  red  litmus  and  rosaniline 
diminish  the  sensitiveness  at  the  red  end. 

Silver  Iodide, 

The  character  of  the  action  of  light  to  be  investigated  in  the 
case  of  silver  iodide  and  silver  bromide  differs  essentially  from 
that  involved  in  the  forepcoinn^  cases.  In  the  cases  examined 
up  to  this  point,  the  reducing^  action  was  completed  in  the  ex- 
posure, although  this  effect  was  in  most  instances  only  ren- 
dered evident  by  a  double  decomposition  effected  subsequently. 
But  with  silver  iodide  and  bromide,  light  is  only  permitted  to 
act  for  a  brief  space  of  time,  and  subsequently  a  strong  image 
is  built  up  upon  this  faint  or  invisible  image  by  the  precipita- 
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tion  of  silver  through  the  agency  of  gallic  acid  or  other  reduc- 
ing agent,  thus  producing  a  true  *'  development"  It  is  with 
these  images  developed  bj  gallic  acid  that  we  shall  have  to  do 
in  this  and  the  following  section. 

Silver  iodide  papers,  imbued  with  various  coloring  matters 
and  containing  free  silver  nitrate,  were  exposed  to  the  different 
rays  with  the  following  results : 

Red  and  orange  rays.  None  of  the  coloring  matters  tried  in- 
creased the  sensitiveness  to  these  rays. 

Yellow  rays.  Aniline  blue  and  green  increased  the  sensitive- 
ness to  these  rays  somewhat,  mauveine  perhaps  a  very  little. 
Coralline  dinxinished  the  sensitiveness  a  little,  aurine  and  ros- 
aniline  a  good  deal. 

Green  rays.  The  aniline  green  (a  bluish  green)  increased  the 
sensitiveness  to  the  green  ray  somewhat,  aniline  blue  (a  violet 
blue)  increased  it  a  very  littla  Mauveine  was  without  influ- 
ence, whilst  coralline  aurine  and  rosaniline  gave  weaker  results 
than  the  plain  iodide  paper,  the  last  two  much  weaker. 

Blue  rays.  Aniline  green  is  here  again  the  strongest  Blue 
and  mauveine  increased  the  sensitiveness  to  the  blue  rays  a 
little,  coralline  was  without  effect,  aurine  and  rosaniline  dimin- 
ished the  sensitiveness. 

Violel  rays.  Aniline  blue,  green  and  mauveine  all  consid- 
erably increased  the  sensitiveness,  coralline  increased  it  a  little, 
aurine  and  rosaniline  diminished  it  a  little.  With  ordinary 
white  light  the  order  of  sensitiveness  was  the  same  as  in  the 
violet  rays. 

It  does  not  appear  that  there  exists  any  general  law  connect- 
ing the  color  oi  the  substance  placed  in  contact  with  the  silver 
iodide,  with  increased  or  diminished  sensitiveness  to  particular 
rays.  A  violet  blue  aniline  color  increased  the  sensitiveness  to 
the  yellow  and  green  rays,  but  also  had  a  similar  eflFect  upon 
the  violet  rays.  Aniline  green  increased  the  sensitiveness  to 
the  violet,  blue,  green  and  yellow  rays,  but  not  to  the  orange 
and  red ;  its  tendency  was  to  increase  the  sensitiveness  of  coloi-s 
approximating  to  its  own  color,  whereas  coralline  increased  the 
sensitiveness  to  the  rays  which  most  differed  from  its  own  color. 

Silver  Bromide, 

Silver  bromide  is  at  once  the  most  important  of  all  the  sensi- 
tive substances  known,  and  the  most  aifficult  as  to  the  exact 
determination  of  its  reactions,  so  much  do  these  vary  from 
very  slight  causes.  Multiplied  experiments  were  consequently 
ma^e;  tnirty-five  complete  spectra  were  obtained,  besides  prints 
from  detached  portions  of  the  spectrum.  Below  I  give  the 
substances  in  the  order  of  the  greatest  sensibility  which  they 
conferred,  beginning  with  those  that  gave  the  greatest 
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BvbttancM  which  conferred  the  greatest  Svbetances  which  conferred  the  frrcatett 

•en»lbllit7  to  the  more  refrangible  half  aentibtlity  to  the  kss  refkvnglnle  half 

of  the  tpectram.  of  the  •pectmm. 

Inixision  of  tea  leaves,  Salicine, 

Salicine, 


Red  litmus,  Plain  bromide, 

Coralline,  

Aniline  blue,  Aniline  green, 

Mauveine, 

Plain  bromide,  Aniline  blue, 

Aurine, 

Anil,  green.  Infusion  of  tea  leaves, 

Mauveine,  Coralline, 

Aurine,  Infusion  of  capsicum, 
Cold  infusion  of  safflower.       Cold  infusion  of  safflower  (car- 
Infusion  of  capsicum.  thamus). 

The  substances  above  the  *'  plain  bromide"  iDcreased  its  sen- 
sitiveness, those  below  it  diminished  it,  and  in  all  cases  to  an 
extent  corresponding  with  the  order  of  rank  in  the  respective 
columns. 

In  the  above  lists  it  will  be  noticed  that  there  are  not  onlv 
colored,  but  also  colorless  and  nearly  colorless  substances. 
After  having  made  a  number  of  experiments  with  silver  bro- 
mide, I  inclined  to  the  opinion  that  tne  influence  of  the  various 
matters  placed  in  contact  with  it  might  have  very  little  to  do 
with  their  colors  and  might  depend  upon  properties  independ- 
ent of  color.  To  verify  this,  substances  havidg  either  no  color, 
or  very  little,  but  known  to  me  from  previous  experiments  to 
act  powerfiiUy  on  silver  bromide,  were  experimented  on.  These 
were  salicine,  infusion  of  tea  and  infusion  of  capsicum ;  the 
first  entirely  colorless,  the  two  last  imparting  to  the  sensitive 
paper  only  a  faint  neutral  coloration.  My  expectation  was 
verified ;  no  substance  tried  exerted  a  more  powerful  discrim- 
inating action  on  the  sensitiveness  to  individual  rays  than  sali- 
cine, which  substance  rendered  the  silver  bromide  as  sensitive 
to  the  red  ray  as  to  the  green. 

Generally  speaking,  the  substances  enumerated  above  exertod 
very  much  the  same  effect  on  the  different  colors  at  each  oiul 
of  the  spectrum,  that  is,  those  that  heightened  or  impaired  tlie 
sensitiveness  to  the  green  acted  similarly  on  the  yellow,  orauL^e 
and  red,  and  those  that  heightened  or  impaired  the  sensitive- 
ness to  the  violet  rays  acted  similarly  to  the  blue  rays  and  also 
to  white  light     The  few  interesting  exceptions  noticed  wore  : 

Red  litmus  (litmus  reddened  by  the  least  possible  quantity  of 
acetic  acid)  and  coralline  produced  an  exceptional  insensitive- 
ness  to  the  green  rays. 

Salicine  conferred  on  silver  bromide  a  remarkable  sensitive- 
ness to  the  red  and  orange  rays,  so  that  the  whole  of  the  less 
refrangible  rays  from  green  to  red  produced  about  an  equal 
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impression.  A  repetition  of  the  experiment  with  a  shorter 
exposure  gave  the  same  curious  result,  the  most  curious  of  all 
the  results  attained. 

Carihamus^  red  litmus  and  capsicum  produced  an  exceptional 
insensitiveness  to  the  red  and  orange  rays. 

No  trouble  was  spared  in  these  experiments  to  obtain  accu- 
rate results.  In  each  set  to  be  compared  with  each  other,  each 
paper  was  floated  or  immersed,  as  tne  case  might  be,  for  an  ex- 
actly equal  time  on  or  in  solutions  of  exactly  equal  strength. 
As  papers  when  hung  up  to  dry  are  always  more  strongly  im- 
buea  with  the  soluble  matters  at  the  lower  end,  care  was  taken 
in  the  successive  treatments  which  each  paper  received  to  dry  it 
with  the  same  end  uppermost,  and  in  tne  exposure  to  light,  to 
keep  all  the  papers  with  their  least  sensitive  ends  to  the  same 
end  of  the  spectrum:  without  this  last  precaution  no  concord- 
ant or  reliable  results  could  have  been  obtained. 

The  conclusions  which  I  have  reached  seem  to  me  to  estab- 
lish that  there  is  no  general  law  connecting  the  color  of  a  sub- 
stance with  the  greater  or  less  sensitiveness  which  it  brings  to 
any  silver  haloid  for  any  i)articular  ray.  At  the  same  time,  I 
do  not  consider  that  these  results  necessarily  contradict  or  dis- 

Erove  the  very  different  results  obtained  by  Dr.  Vogel.  They, 
owever,  show  that  Dr.  VogeFs  results  cannot  be  generalized. 
The  explanation  of  the  discordance  may  lie  in  the  different 
conditions  of  the  experiment  Dr.  Vogel  worked  with  silver 
bromide  contained  in  a  collodion  film  and  combined  with  other 
substances  not  known  (commercial  bromide  plates  made  by  a 
secret  formula).  These  substances  may  have  themselves  power- 
fully affected  the  properties  of  the  silver  bromiile.  Collodion 
certainly  does ;  the  reactions  of  silver  bromide  formed  in  the 
body  of  a  pure  paper  diifer  from  those  which  it  exhibits  when 
formed  in  a  colloaion  film,  probably  because  the  collodion  is 
made  some  time  in  advance  and  is  always  more  or  less  decom- 
posed by  the  alkaline  bromides,  which  are  dissolved  in  it.  I  am 
inclineci  to  believe  that  the  comparative  indications  which  are 
obtained  by  the  use  of  paper  as  a  medium  are  more  reliable 
than  those  obtained  WMth  collodion,  because  it  is  difficult  if  not 
impossible  to  make  several  collodion  films  in  succession  having 
equal  thickness.  And  as  the  amount  of  impressibility  to  any 
given  light  or  any  given  ray  of  light  increases  in  proportion  to 
the  thickness  of  the  film,  it  follows  that  in  comparing  two  plates 
that  have  undergone  different  treatments,  we  are  liable  to  as- 
cribe to  the  treatment  results  that  may  depend  only  on  the  dif- 
ferent thicknesses  of  the  films.  Whereas  paper  we  can  always 
obtain  of  uniform  thickness,  so  that  with  equal  immersion  in 
solutions  of  equal  strength,  we  are  sure  that  the  papers  are 
equally  chargea  with  the  substances  to  be  tested. 
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Art  XXIV. — Note,  on  Lignite  Beds  and  their  Under-clays ;  by 
E.  W.  HiLGARD,  University  of  Michigan. 

In  the  January  number  of  this  Journal,  Mr.  Lesquereux  de- 
fends his  view  of  the  origin  of  the  lignite  beds  of  the  Rocky 
Mountidn  region,  against  supposed  objections  thus  formulated 
bv  him: 

1.  That  the  lignite  beds  are  of  too  small  extent,  or  cover 
too  limited  areas,  to  have  been  formed  otherwise  than  by  the 
heapinu:  of  materials  carried  into  small  basins. 

2.  That  the  under-clays  of  the  lignite  beds  contain  no  roots. 
Having  had  extensive  opportunities  of  observing  lignite  beds, 

from  the  Cretaceous  to  the  Quaternary  strata,  in  the  States  oif 
Mississippi  and  Louisiana,  I  would  add  a  few  remarks  to  those 
of  Mr.  Lesquereux. 

As  regards  the  first  point,  I  am  altogether  unable  to  see  its 
force.  Were  the  bays  and  marshes  of  the  Louisiana  coast  re- 
gion, or  some  portions  of  the  Mississippi  bottom,  so  depressed 
as  to  be  covered  over  with  deposit,  and  their  peaty  contents 
compressed  into  lignite,  there  would  result  just  such  a  multi- 
tude of  basin-shaped  masses,  trom  a  few  yards  to  many  square 
miles  in  extent,  and  of  variable  thickness,  as  we  now  find  in  the 
Eocene  liguitic  formations  on  the  Gulf  border.  The  analogy 
goes  even  so  far,  that  much  of  the  lignite  of  those  formations  is 
obviously  formed,  not  by  any  cooperation  of  the  usual  peat 
mosses,  fcut  altogether  out  of  rushes  and  reeds,  such  as  nowa- 
days dispute  the  ground,  in  the  coast  marshes,  with  the  Sabal, 
Cypress,  Myrica,  etc.  In  some  cases,  a  serai-fluid  peaty  mass 
fills  thcvse  smaller  basins  to  a  depth  of  10  to  15  feet;  in  these, 
of  course,  as  Mr.  Lesquereux  remarks,  larger  trees  cannot  grow. 
But  the  Cypress,  Myrica,  and  even  the  A/agno/ia  gUxuca^  adapt 
themselves  to  this  condition  of  things  by  sending  out  long  tap- 
roots into  the  bottom  clay,  while  their  nutrition  is  performed 
by  a  crown  of  fibrous  roots  near  the  surface.  Thus  anchored, 
they  may  readily  be  swayed  sideways  in  the  soft  mass,  in  every 
direction ;  but  are  difficult  to  pull  up,  although,  under  such 
circumstances,  their  size  ran-ly  exceeds  a  few  feet. 

These  facts,  as  well  as  the  well-known  ability  of  the  Cypress 
and  Tupelo  to  exist  and  flourish  in  water  maintaining  some 
depth  throughout  the  year,  led  me  to  consider  the  possible 
causes  of  the  apparent  absence  of  vestiges  of  roots  from  the 
utider-clays  of  lignite  beds,  which  early  attracted  my  attention. 

In  the  extensive  marsh  at  the  mouth  of  Pearl  River,  a  solid 
clay,  resembling  very  much  the  under-clays  of  lignite  beds,  or 
the  bottom  clays  of  Cypress  swamps,  is  deposited  for  some  dis- 
tance on  both  sides  of  the  river  channel  The  whole  surface  is 
covered  by  a  dense  growth  of  tall  **  round  rush"  (Scirptxs  locus- 
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irw\  whose  roots  form  a  dense,  matted  mass,  over  a  foot  in 
thickness,  covering  the  clay  soil,  but  penetrating  it  very  little. 
Nevertlieless,  as  the  successive  annual  overflows  raise  tne  level 
of  the  clay  deposit,  the  roots  and  root-stocks  necessarily  become 
imbedded  in  it,  and  one  would  expect  to  find  their  remains,  or 
more  or  less  distinct  impressions,  in  the  mass  of  the  soil.  Such, 
however,  is  the  case  only  close  to  its  surface,  to  the  depth  of  a 
few  inches  at  most  Lower  down,  we  find  only  indistinct  indi- 
cations of  the  previous  existence  of  vegetable  forms,  in  a  kind 
of  cellular  structure  ;  and  at  the  depth  of  a  foot  or  more  even 
this  vanishes,  and  we  have  a  solid  blue  or  brownish  clay,  as  free 
from  organic  remains  or  impressions  as  any  under-day  of  lignite 
beds,  yet  obviously  of  the  same  origin  as  the  soil  proper,  above. 

The  same  thing,  precisely,  mav  be  observed  m  sections  of 
Cypress  swamps,  botli  ancient  and  modern,  on  the  Mississippi, 
Arkansas  and  Red  River.  Even  where  the  Cypress  stumps  are 
perfectly  preserved,  their  roots  are  often  seen  to  terminate  at  a 
short  distance,  in  rather  an  abrupt  point  of  heart-wood  ;  and 
beyond,  their  course  is  scarcely,  or  not  at  all,  traceable  in  the 
solid  clay. 

The  cause  of  this  complete  obliteration  of  spongy  roots  or 
spongy  parts  of  roots  is  aoubtless  to  be  sought  in  the  oxidizing 
influence  of  ferruginous  solutions  percolating  from  above,  and 
the  subsequent  action  of  pressure  upon  the  yielding  mass. 

In  the  more  or  less  definitely  porous  under-clays  of  the  coast 
marshes,  the  cavities  are  almost  throughout  linea  with  a  green 
or  yellowish-green,  semi-gelatinous  film  of  what,  on  exposure 
to  air,  becomes  a  plainly  visible  coat  of  iron  rust.  In  the  Cy- 
press swamp  under-clays  such  a  film  may  often  be  seen  to 
lorm  the  inside  lining  of  a  cavity  still  possessing  the  shape  of 
a  root,  with,  perhaps,  a  free  central  core  of  lignitic  matter  still 
existing,  out  of  contact  with  the  walls.  And  the  original  couree 
of  roots  may  often,  but  not  always,  be  traced  by  that  of  a  thin, 
vein-like  ferruginous  film,  completely  flattened  out,  so  as  to 
escape  ordinary  observation.  If,  by  a  subsequent  process  of  re- 
duction and  solution,  this  film  were  also  to  be  removed,  not  a 
trace  of  the  original  root  would  remain. 

Again,  the  peculiarly  "massy"  cleavage  of  these  under-clays 
is  not  only  very  often  marked  by  minute  films  of  (sometimes 
almost  red)  hydroferric  oxide,  but,  on  close  examination,  they 
frequently  exhibit  a  multitude  of  minute  **  slickensides,"  prov- 
ing the  occurrence  in  the  mass  of  internal  movements,  doubtless 
resulting  from  compression.  That  similar  clays  exhibit,  at 
Petite  Anse  and  other  points,  a  glacier  like  motion  down  hill,  I 
have  elsewhere*  stated. 

It  appears  to  me  that  in  these  two  agencies  combined  we 

*  Smithsonian  Contr.  Knowl.,  Na  248,  p.  18. 
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have  an  adequate  explaDation  of  the  apparent  absence  of  or^nic 
remains  from  many  under-clays,  not  only  of  lignites,  but  also  of 
Paleozoic  coal  beds.  That  the  leaching  process  which  deprived 
the  coal  beds  of  all  the  ash  ingredients  necessary  to  vegetation, 
has  also  been  instrumental  in  the  removal  of  iron  and  organic 
matter  from  the  Carboniferous  fire-clays,  has  been  often  sug- 
gested ;  but  the  efficacy  of  the  process,  when  combined  with 
pressure,  to  obliterate  all  traces  of  the  softer  parts  of  plants  and 
animals,  imbedded  in  clays,  has  hardly  been  sufficiently  dwelt 
upon.  That  another  phase  of  the  same  agencies  has  been  instru- 
mental in  obliterating  the  teeming  fauna  of  the  Port  Hudson 
beds,  whose  character  can  now  be  studied  only  in  a  few  limited 
localities,  I  have  already  shown.*  And  tliere  can  be  little 
doubt  that  the  absolute  dearth  of  organic  remains  which  has 
thus  far  frustrated  all  my  attempts  to  sain  a  definite  clue  to  the 
age  of  the  "  Grand  Gulf  beds  of  the  Gulf  border,  is  largely  due 
to  the  same-  cause,  and  not  to  the  conversion  of  the  Mexican 
Gulf  into  a  "  Dead  Sea"  during  the  Post-Eocene  Tertiary  period. 
Lignite  beds  composed  of  drifted  materials  are  not  rare  in 
the  Gulf  border,  from  the  lowest  Cretaceous  beds  to  those  of 
the  Champlain  era.  But  they  are  usually  very  much  localized, 
and  consist  mainly  of  driftwood,  which  is  not  only  over-  and 
underlaid  by  sand^  materials,  but  also  intermixed  with  them. 
Beds  of  compact  lignite  underlaid  to  any  great  extent  by  sand, 
are  quite  exceptional. 


Art.   XXV. — On  recent  Deep-Sea  Dredging  operations  in  Oie 
Gulf  of  SL  Lqivrence  ;  by  J.  F.  Whiteaves. 

During  the  summer  of  1878,  the  Hon.  the  Minister  of  Marine 
and  Fisheries  of  the  Dominion  of  Canada  very  kindly  placed  one 
of  the  government  schooners  at  my  disposal,  for  dreaging  pur- 
poses. These  investigations,  which  were  undertaken  on  benalf 
of  the  Natural  History  Society  of  Montreal,  had,  as  their  pri- 
mary object,  an  examination  into  the  present  condition  of  the 
Manne  Fisheries  of  the  Gulf,  and  were  supplementary  to  siniilnr 
explorations  carried  out  by  myself  in  the  summers  of  1871  and 
1872.  In  the  present  paper,  a  short  descriptive  account  will  be 
attempted  of  some  of  the  most  interesting  zoological  specimens 
collected  in  1873.  Nearly  nine  weeks  were  spent  at  sea  (from 
July  18th  to  September  8th) ;  and  during  this  time,  although 
the  weather  wjis  often  unfavorable,  we  nevertheless  got  about 
seventy  successful  hauls  of  the  dredge.  The  cruises  were 
essentially  four  in  number,  but  on  the  whole  the  first  yielded 
the  greatest  number  of  noveltiea 

*  Smithsonian  Contr.  Enowl.,  No.  248,  p.  12. 
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Cruise  1. — The  first  two  weeks  were  devoted  to  an  examina- 
tion of  the  deep  water  in  the  center  of  the  mouth  of  the  river, 
between  Anticosti  and  the  Gasp^  Peninsula.  The  most  inter- 
esting specimens  were  obtained  in  from  200  to  220  fathoms, 
mud  ;  and  among  them  are  the  following  : 

FoRAMiKiFERA. — MargimiUna  spinosa  M.  Sars ;  a  large  Trilocu- 
Una  allied  to  2\  tricnrinati^  perhaps  T,  crypteUa  D'Orb. ;  curious 
arenaceous  forms,  new  to  me,  some  of  which  are  simple  and 
unbranched,  others  widely  triradiate,  ar.d  a  third  series  arc 
irregularly  cruciform,  and  even  five  and  six-rayed.  They  are 
all,  most  likely,  forms  of  one  species;  but  whether  they  arc  the 
Asie^'orhiza  limicola  of  Sandahl  or  not,  I  have  at  present  no 
means  of  ascertaining. 

Sponges.— One  specimen  of  TricJ'Ostemma  hemisphcericum  M. 
Sans;  one  of  Cladorhiza  abi/ssicola  M^Sars;  and  about  a  dozen 
of  the  Hyalonema  hngissmum,  of  the  same  author,  were  taken 
in  220  fathoms.  With  these  occurred  another  species,  which  is 
either  a  time  Tethea,  or  belongs  to  a  closely  allied  genus.  In 
sliape  it  is  more  or  less  pyriform,  somewhat  triangular  in  section, 
and  with  a  flattened  base.  There  are/three  orifices,  correspond- 
ing to  the  three  angles,  of  which  two  are  basal.  These  are  con- 
nected on  two  sides  by  a  perjbratt^  canal  or  tube.  The  front 
basal  orifice  is  partly  closed  fby  an  outer  fine  open  network  and 
an  inner  and  coarser  one 'of  siliceous  spicules,  the  latter  not 
very  unlike  those  at  the  apex  of  Euj^ctella;  and  this  opening 
seems  to  be  the  point  of  attachment  to  small  stones,  etc.  The 
whole  s{)onge  is  nensely  hispid  with  projecting  spicules,  which 
are  sometimes  of  considerable  length.  These  are  mostly  very 
attenuate;  some  of  them  are  simple,  and  these  are  either  straight 
or  tlcxuous ;  others  are  simply  ternate  or  biternate  at  one  end ; 
some  again  are  anchorate  at  the  extremity,  with  three  or  four 
slender  flukes.  In  its  canal  connecting  the  three  external  and 
larger  openings,  and  in  its  beautiful  open  network  of  spicules, 
it  seems  to  differ  generically  from  Tethea,  In  the  shape  of  its 
spicules,  but  not  in  some  other  respects,  it  resembles  the  Dor- 
vilUa  agaric iformis  of  Mr.  W.  S.  Kent,  and  the  Teihea  muricata 
oi  Bowerbank.  As  the  Canadian  sponge  may  possibly  be  the 
same  as  Dr.  Bowerbank's  imperfectly  characterized  species,  I 
refrain  for  the  present  from  giving  it  a  name.  It  is  only  fair  to 
add  that  before  I  had  dredged  this  species  in  a  living  state,  my 
friend  Mr.  G.  T.  Kennedv,  M.A.,  had  found  specimens  in  the 
Post-Pliocene  clays  of  ifontreal,  which  are  undoubtedly  con- 
specific  with  it. 

EcHlNODERMATA.  —  Schizaster  fragilis  Dub.  &  Koreu,  and 
Ctenodisciis  crispat^iSj  are  common  in  the  deep  sea  mud,  as  are 
also  Ophiacantha  spinuhsa  M.  &  T.,  and  an  Amp/nura  whose 
specific  relations  are  still  obscure.     The  Opbiuridae  collected 
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during  this  cruise  have  yet  to  be  studied.  One  living  example 
of  *Ophioscolex  glacialis  M.  and  T.  was  dredged  in  210  fathoms, 
to  the  southwest  by  south  of  the  Southwest  Point  of  Anticosti. 

NoTB. — I  am  indebted  to  Prof.  Verrill  for  the  identificatioii  of  several  critical 
species,  to  whose  names  an  asterisk  (*)  is  prefixed ;  and  the  diflBcult  Cmstaoea, 
whose  appellations  are  preceded  bj  a  dagger  (f X  were  kindly  determined  for  me 
by  Mr.  S.  I.  Smith. 

AcTiNOZOA. — A  few  individuals  of  Pennatuh  aculeata  Dan., 
van,  and  of  Virgularia  Ljungmanii  KolL,  were  taken  in  the 
deep-sea  mud,  together  with  large  tubes  apjMirently  belonging 
to  Curianthus  borealis  Verrill,  though  the  animal  of  this  latter 
species  has  not  yet  been  taken  in  the  Gulf  ComularieUa  mo- 
ctesta  Verrill  was  collected  (in  1871)  at  depths  of  220  fathoms, 
between  the  east  end  of  Anticosti  and  the  Bird  Bocks. 

PoLYZOA. — A  beautifully  perfect  specimen  of  Flustra  abyssi- 
cola  of  G.  0.  Sars,  showing  the  sin^lar  avicularia,  so  character- 
istic of  the  species,  was  aredged  in  the  center  of  the  mouth  of 
the  river,  at  a  depth  of  220  fathoms.  Two  examples  of  Homera 
hchenoHes  (Linn.)  and  one  of  a  peculiar  variety  of  Bugula 
plnmosa  f  were  dredged  in  the  same  place.  EschareUa  palmata 
(M.  Sa»'s^  was  also  sparingly  taken  in  deep  water. 

MoLLUSCA. — The  most  abundant  species  collected  at  greater 
depths  than  150  fathoms  are  Pecten  Orosnlandtcus  Ch.,  and  Area 
pectunculoides ;  but  Porllandia  lucida^  P.  frigida^  Philine  quad- 
rata,  Cylichna  umhilicata  Mont,  Denlalium  altenuatum*  f  Say, 
and  kSiplionodentalium  vitreum  Sars  also  occurred,  though  more 
sparingly.  Two  living  specimens  of  CerWiiopsis  costulata  Moll, 
(the  Bfitium  arcticum  of  Mdrch)  were  dredged  in  the  220 
fathom  locality. 

Crustacea. — The  deep-sea  Crustacea  are  of  unusual  interest 
Among  them  is  a  living  specimen  of  Cahcaris  MacAndrece  Bell, 
the  first  I  believe,  that  has  been  observed  on  the  American 
side  of  the  Atlantic.  In  the  same  region,  four  specimens  of  a 
crustacean  were  collected,  which  belong,  in  my  judgment,  to  a 
new  genus.f     In  its  characters,  this  genus  (for  which  I  venture 

*  If  the  shell  described  by  the  late  Dr.  Gk>uld  as  Dentalium  derUale  be  really  the 
Dentaiium  attenuatum  of  Say,  the  latter  name  is  much  prior  to  Stimpson's  D.  ocH- 
dentcUe.  Having  received  a  number  of  Norwegian  specimens  of  D.  abysaorum  Sars, 
through  the  kindness  of  Mr.  Jeffreys,  and  compared  them  with  the  St.  Lawrence 
longitudinally  ribbed  species,  I  cannot  see  any  differences  which  in  my  judgment 
are  sufficient  to  separate  them.  At  the  same  time,  DentcUium  sMolatum  St.  seems 
to  me  a  perfectly  distinct  and  good  species. 

f  Munidopsia  curvirostra^  nov.  gen.  et  sp.  External  antennae  about  equal  in  length 
to  the  carapace  and  its  rostrum ;  internal  ones  very  short,  not  rea^ng  farther 
than  about  one-fourth  the  length  of  the  beak.  Eyes  rudimentary^  longitudinally 
oval,  light  yellowish  in  color;  cornea  devoid  of  facets.  Carapace  squarish,  but  longer 
than  broad,  with  an  outwardly  directed  straight  spine  on  each  of  the  front  angles. 
Upper  surface  of  the  carapace  granulate,  hispid,  transversely  irregularly  plicate. 
In  the  center  there  are  two  dorsal  spiner,  placed  one  above  the  other,  but  at  some 
distance  apart    These,  as  are  two  similar  spines  on  the  tail  segments,  are  all 
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to  propose  the  name  Mxtnidopsis)  approaches  nearer  to  ilunida 
than  to  Oalathea,  On  some  future  occasion  I  hope  to  be  able  to 
give  a  detailed  description,  with  figures,  of  this  form ;  for  the 
present  a  short  diagnosis  only  of  some  of  its  salient  points  will 
oe  attempted.  Of  the  limited  genus  A/unida,  only  two  or  three 
species  are  known  at  present  Munida  rugosa  (Fab.)  is  the  same 
as  Munida  Rondeletii  of  Bell,  and  Astacus  Bamffins  of  Pennant. 
The  other  species  are  At.  tenuimana  of  G.  O.  Sars,  and  J/.  iJar- 
wivii  of  Bell. 

The  following  additional  species  of  Crustacea  were  collected 
from  the  deep-sea  mud:  'fHippolyteFabriciiK.royer]  \Diastylis^ 
;  \Pseudmnma  roseum  G.  O.  Sars;  \Thysanopoda  wglectat 
Toyer,  and  another  large  species ;  Stegocephalus  ampulla  Phipps ; 
-fHarpina,  sp. ;  'fUpimeria  comigera  Fab. ;  ^Haliragesfulvocinctus 
BoBck ;  \ Melphidippa^  sp. ;  Phoocus  Kroyeri  St ;  Alunnopsis  typ- 
ica  M.  Sars ;  AnOiura  brachiata  St ;  and  \Nehalia  btpes  O.  Fab. 

Fishes. — A  fine  living  example  of  Macrurus  rupestris  (Fab.), 
the  M.  Fabn'cii  of  Sundevall,  was  brought  up  by  "  tangles"  from 
a  depth  of  about  200  fathoms. 

During  this  cruise  we  were  driven  intoGasp^  Bay  for  shelter 
from  a  heavy  gale,  blowing  outside,  and  were  detained  there 
about  four  days.  At  the  entrance  of  the  bay,  some  dredging 
was  done  in  depths  of  from  80  to  50  fathoms.  The  most  inter- 
esting species  obtained  here  were  Myriotrochus  Rvndcii  Steen- 
str. ;  Priapulus  cavdalus ;  both  species  of  Hyas ;  a  species  of 
flhidorella;  Acanthozmie^  nov.  sp.,  fide  S.  I.  Smith  ;  fJSyrrho'e 
crenulatus  Goes  (several) ;  f  Vei'tumnus  serratus  Goes ;  \PontO' 
poi-eia  femorata  Kroj'er ;  'fHaphops,  sp. ;  \Mehta  dentata  Kroyer, 
and  an  allied  species ;  as  well  as  some  interesting  sponges. 
\Oammarus  ornaius  Edwards  was  abundant  at  low- water  in 
St  George's  Cove  ;  it  appears  to  be  an  abundant  littoral  form 
throughout  the  gulf 

Cruise  2 — We  left  Gasp^  Basin  on  August  2d,  intending  first 
to  examine  the  two  largest  of  the  inshore  banks,  the  Orphan 
and  the  Bradelle.  At  tne  outset  the  weather  was  very  stormy, 
so  we  got  under  the  lee  of  Bonaventure  Island,  and  dredged  out- 

ezactly  in  a  line  with  the  rostrum,  and  the  whole  four  point  forward.  Rostrum 
aimpie  (without  the  spine  on  each  side  of  the  base  so  characteristic  of  Munich)^ 
oongpieuously  curved  upward,  stout  at  the  base  and  gradually  tapering  to  a  fine 
point  A  single  spine  in  the  center  of  the  first  and  second  tail  segpnents,  the  rest 
devoid  of  any.  Anterior  pair  of  legs  about  as  long,  but  not  longer,  than  from  the 
apex  of  the  rostrum  to  the  end  of  the  tail,  extending  a  little  beyond  the  tips  of 
the  outer  antennae.  The  following  are  the  measurements  of  an  average  and 
apparently  adult  female :  length,  from  apex  of  rostrum  to  tip  of  tail,  1*38  inch ;  of 
carapace,  including  the  rostrum,  '69  inch;  of  exterior  antennse,  '75  inch;  of  ante- 
rior leg^,  '94.  Inhabits  the  center  of  the  mouth  of  the  St.  Lawrence  River,  between 
Anticosti  and  the  south  shore,  in  from  180  to  220  fathoms,  and  probably  burrows 
in  the  deep-sea  mud.  From  Munida  it  may  at  once  be  distinguished  by  its  curved 
and  simple  rostrum.  In  the  rudimentary  character  of  its  eyes  it  closely  resembles 
OaloeariSf  but  not  in  many  other  respects. 
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side  the  northern  entrance  to  the  Bay  des  Chaleurs,  from  Cape 
Despair  to  a  little  below  Grand  Pabou.  Ophioglypha  Sarsii^  of 
large  size,  was  abundant  here,  and  two  specimens  of  Myrvoiro- 
chis  Rinckii  were  taken  in  the  same  place.  The  crustaceans 
from  this  region  are  unusually  interesting :  among  them  are 
fJIippolf/le  macilfnia  Kr. ;  Tkysanopodu  neglecta  t  Kr.  ;  \Pi>eu- 
domrnn  (nov.  sp.) ;  species  of  -fAtysidce  **  near  to  Erythrops  and 
Pareryihrops  of  G.  O.  Sars"  ;  \Kudorella^  sp. ;  \ Lexicon  nasicus 
Kroyer ;  \Acanthostephia  Afnlmgreni  Bceck ;  (Ediceros  lynceus 
M.  Sal's  ;  fAceros  phyllonyx  Boeck ;  \Byblis  Oaimardn  Kroyer ; 
'fPontopfireia  femorata  Kroyer ;  a  species  of  \Melita.  Also  a 
curious  fish,  at  present  undeterrnineu. 

The  breeze  moderating,  we  at  once  matle  for  the  Orphan 
Bank,  and  devoted  three  days  to  dredging  on  it,  remaining  on 
the  ground  during  the  night  so  as  to  lose  no  time.  The  Orphan 
Bank,  which  is  situated  nearly  opposite  the  entrance  to  the  Bay 
des  Chaleurs,  is  a  stony  patch,  as  are  most  of  the  fishing  banks, 
many  of  which  are  not  mapped  out  in  the  charts. 

The  masses  of  rock  are  often  of  large  size,  and  consist  chiefly 
of  a  reddish  sandstone  (perforated  by  Naxicava  and  Zirphta 
crispata)  associated  with  a  few  scattered  pieces  of  Laurentian 
gneiss,  &;c.  Soft-bodied  organisms  are  peculiarly  plentiful  on 
this  bank.  The  most  characteristic  of  these  are  Alcyonium  rubi- 
forme  Ehr.,  small  varieties  of  Afetridium  marginatum  ;  Asci^iop- 
sis  conrplanatus,  of  unusual  size  and  abundance ;  various  other 
Tunicates ;  and  quantities  of  common  Ophiurids  and  Asterids. 
\M'iopa  ghcialis  Boeck  was  occasionally  met  with  between  the 
inner  and  outer  tunic  of  Ascidiopsis.  The  stones  are  often 
covered  with  encrusting  sponges,  of  two  or  three  species,  to- 
gether with  a  slender,  cylindrical,  and  rarely  branched,  form  ; 
Grantia  ciliata  was  freq\ient,  and  with  it  there  occurred  another 
calcareous  sponge  which  Prof.  Verrill  has  identified  as  the  Ascor- 
tisfragilis  of  Haeckel.  Hydrozoa  and  Polyzoa  are  exceedingly 
abundant  on  this  bank ;  the  former  seem  to  be  mostlv  common 
northern  forms.  Among  the  latter,  Myriozoum  suhgrncile 
D'Orb.  ;  Celleporarifi  incrassata  Lam.  ;  Cellepora  scabra  Fab.  ; 
JSschara  cervicornis ?  PaWas \  Caberen  ElUs'd;  and  other  species, 
were  fine  and  frequent.  Two  fine  speeiniens  of  Porella  kzt'i'i 
(Fleming)  were  dredged  at  this  locality.  *Boltetna  ciliata  Mciller ; 
^Molgula  pannosa  V. ;  CynVivi  pyrijormis  (Rathke) ;  and  C.  mon- 
oceros  McilL,  occurred  sparingly  among  the  other  Tunicates. 

Among  the  Echinoderms  are  Pteraster  miliiaris,  Aslerias 
Grcotlandiciis,  and  Psobis  phnntapus.  The  rarest  of  the  Orphan 
Bank  Mollasca  are  Amicula  Kmtrsoni'  (Couth.),  fine  and  fre- 
quent ;  Mamma  immacuhita  (Totten)  ;  Trophon  craticulatus  {0. 
Fab.);  Buccininn  tenue  Gray;  Xeptunea  SpHzhergensis  (^cexo)  ] 
Triionofusus  Kroyeri  Moll.  ;  Astyris  Uolbollii  Beck ;  and  a  few 
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Astarte  lactea  of  Brod.  and  Sowerby.  Crustacea  are  peculiarly 
plentiful  on  this  bank,  particularly  the  two  species  of  Eyas; 
Eujmgurus;  Pandalus  annulicornis;  Orangon  boreas;  N^tocran- 
gon  lar  (fine);  Hippolyte  spina ;  f //.  Phippsii;  and  \n.  pusiola. 

The  Amphipods  are  represented  by  Acanthozone  cuspidata 
(Lep.) ;  Tritropvi  aculeatus  (Lep.) ;  and  Eusirus  cuspidatus.  The 
Isopods  by  Fdotea  marmorata  Packard,  and  by  a  Bopyrus  which 
was  found  burrowing  under  the  carapace  of  the  common  Pan- 
dalus,     A  small  species  of  Nymphon  was  also  dredged  here. 

At  the  end  of  the  third  day  a  stiflF  breeze  from  the  southwest 
sprung  up,  accompanied  with  rain,  and  in  consequence  of  this 
we  made  for  Miscou  Island  for  shelter.  As  soon  as  the  gale 
moderated  we  proceeded  to  the  Bradelle  Bank,  and  on  our  way 
made  one  cast  of  the  dredge  between  it  and  Miscou.  In  this 
haul,  specimens  of  \ Hippolyte  madlenta  ;  f  Pseiidomma^  nov.  sp. ; 
\Byblis  Oaimardii ;  \Ampelisca,  sp. ;  \Ptilocheirus  pinguis  St ; 
fAfelita  dentata  ;  and  \ Pontoporeia  femorata^  as  well  as  many 
Annelids,  were  collected. 

The  Bradelle  Bank,  which  is  situated  almost  due  south  of  the 
one  previously  described,  is  also  a  stony  patch,  but  the  pieces 
of  rock  are  usually  small,  and  there  is  an  admixture  of  gravel, 
coarse  sand  and  mud.  Its  fauna  is  characterized  by  the  abun- 
dance of  its  Mollusca,  and  by  the  apparent  absence  on  it  of  many 
of  the  softer  organisms  so  abundant  on  the  Orphan  Bank.  The 
Hydrozoa  and  Polyzoa  of  the  two  banks  are  very  similar,  but 
on  the  Bradelle  fine  specimens  of  Tubulipora  hbulata  Hassall, 
were  collected.  The  most  abundant  shells  on  the  Bradelle  are 
Asttrte  lactea  Brod.  and  Sow.,  A.  elliptica,  and  A,  Banksii; 
V^-nusfiuctuosa  Gould  ;  Cardium  Orcenlandicum  ;  Crenella  nigra; 
C.  Iwmgaia  ;  C,  glandula ;  MaComa  calcarea  ;  Panopoea  Norvegica  ; 
and  Cyrtodaria  siliqua.  Its  greatest  rarities  are  a  single  living 
example  each  of  Tritonofusns  latericexis  Moller,  and  Volutopsis 
NorvegictLs  Chemn.  Rhynchonella  psittacea,  of  large  size,  is  com- 
mon on  both  banks.  Astrophyion  Agassizii ;  Ophioglypha  Sar- 
sii,  large  ;  0,  nodosa  ;  and  Psolus  phanUipus  are  frequent  on  the 
Bradelle,  where  also  a  fine  living  specimen  of  Ophiocoma  nigra 
Miiller  was  obtained.  The  Crustacea  of  both  banks  are  for  the 
most  part  similar,  but  on  the  Bradelle  a  few  additional  species 
occurred.  These  are  Orangon  vulgaris ;  •fDiastyliSy  sp. ;  fAm- 
pelisca^  two  species;  -fHaploops,  sp. ;  \Byblis  Oaimardii ;  fPtilo' 
cheirvs pinguis ;  fHarpinay  sp,;  j-Paramphitlio'epulchellaBruz,] 
\(Ediceros  lynceus  ;  f  Vertumnxxs  serratus  ;  and  fNebalia  bipes. 

These  two  banks  seem  to  be  outliers,  so  to  speak,  inhabited 
by  a  purely  arctic  fauna,  and  surrounded  almost  entirely  by  a 
more  southern  assemblage.  The  shores  of  tlie  Magdalen  Group, 
of  Prince  Edward  and  Cape  Breton  Islands,  as  well  as  the  whole 
of  Northumberland  Straits  as  far  north  as  the  southern  entrance 
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to  the  Bay  des  ChaJeurs,  are  tenanted  by  a  somewhat  meager 
Acadian  fauna.  Owing  to  the  shallowness  of  the  water  on 
these  two  banks,  the  temperature  is  probably  higher  by  some 
four  or  five  degrees  than  the  average  of  that  in  the  northern 
part  of  the  gulf.  In  sailing  from  Point  Miscou  to  the  Bradelle 
Bank  we  found  the  temperature  of  the  bottom  (Miscou  Point, 
bearing  northwest  half  north,  22  miles  distant)  was  42®  Fahr. 
After  examining  the  Bradelle  Banks,  we  made  for  Pictou, 
Nova  Scotia,  and  arrived  thereon  the  afternoon  of  August  11th. 
Cruise  8. — ^Leaving  Pictou  on  the  18th  of  August,  we  dredged 
to  the  S.W.  and  S.S.W.  of  Pictou  Island,  then  to  the  N.E.  and 
N.N.E.  of  Cape  George  (N.  S^,  and  from  there  to  a  little  dis- 
tance off  Port  Hood,  C.  B.  We  next  stood  over  to  the  east 
point  of  Prince  Edward  Island,  dredging  at  intervals  on  the 
way.     After  this  we  examined  the  Milne  Bank,  also  various 

Earts  of  the  bottom  from  there  to  Cape  Bear  (Prince  Edward 
),  and  to  the  north  of  Pictou  Island,  and  got  back  to  Pictou 
on  the  16th  of  August 

From  Pictou  to  Port  Hood  and  along  the  west  side  of  Cape 
Breton,  the  sea  bottom  consists  of  red  clayey  mud,  in  which 
annelids  are  remarkably  numerous  and  often  of  large  size  At 
almost  every  cast  of  the  dredge,  tangled  masses  of  tubicolous 
annelids  (inhabiting  tubes  of  from  the  ^jih  to  a  quarter  of  an 
inch  or  more  in  diameter,  and  from  one  or  one  and  a  half  inches 
to  nearly  eight  inches  in  length  came  up  in  handfulls.  These, 
together  with  large  naked  species,  are  so  abundant  as  to  form 
more  than  two-thirds  of  the  whole  number  of  specimens  taken. 
One  specimen  of  \Diastylis  quadrispinosus  G.  O.  Sars,  was 
dredged  oflF  Pictou  Island.  Hydrozoa  and  Polyzoa  are  tolerably 
abundant,  and  sometimes  very  fine,  in  the  red  mud  ;  these  have 
not  yet  been  examined,  but  among  them  are  Sertularia  argentea 
of  unusually  large  size,  and  a  bushy  species  of  Gemeliaricu 
Alcyonium  cameum  Ag.,  is  one  of  the  characteristic  species  of 
the  eastern  part  of  this  area,  as  is  also  an  apparently  unde- 
scribed  species  of  Priapulus,  very  distinct  from  P.  caudattts, 
Tunicates  are  not  unfi-equent  in  the  red  mud ;  the  commonest 
of  which  are  Pelonaia  arenifera  and  Eugyra  ptlularis^  while 
*Glandula  fbrosa  St,  occurred  more  rarely.  With  these, 
about  sixteen  species  of  shells  were  collected ;  they  are  all 
characteristic  Acadian  species.  The  temperature  of  the  mud 
seems  to  range  from  40  to  42°  Fahr.  OflF  Port  Hood,  two 
large  specimens  of  a  Holothurian  were  taken,  which  exactly 
agree  with  the  drawing  and  description  of  the  Oucumaria 
pentactes  of  O.  F.  Muller,  as  given  by  E.  Forbes  in  his  British 
Starfishes. 

OflF  the  east  point  of  Prince  Edward  Island  the  bottom  is 
sandy,  and  as  the  depth  where  we  dredged  does  not  exceed 
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fifteen  or  twenty  fathoms,  the  summer  temperature  is  high, 
being  affected  by  surface  conditions.  Three  small  specimens 
of  Echinocucumis  iypica  M.  Sars  were  collected  here,  as  well  as 
examples  of  *Molgula  papillosa  V.  and  M,  prodv/:ta  St  On  the 
Milne  Bank  we  dredged  quantities  of  the  common  Echinarach- 
mus ;  an  abundance  of  fine  Hydroids  and  Polyzoa ;  a  few 
shells ;  and  some  small  algse. 

Between  Cape  Bear  ana  Pictou  Island  the  bottom  is  sandy, 
with  shells  and  a  few  small  stones.  Three  kinds  of  sponges 
were  collected  here,  many  hydroids,  echinoderms  (all  common 
forms),  annelids,  Crustacea,  and'  tunicates.  Among  the  latter 
are  specimens  of  *Atolgula  liUoralis  V.  Shells  were  particularly 
abundant,  among  them  are  Pecten  tenuicostatus,  Modiola  modiolus^ 
Crenella  nigra,  Astarte  undata  Gould,  Cyprina  Islandicaj  Callisia 
couDexa,  Pandora  trilineataf,  Orepidula  fomtcata,  Lunaiia  in- 
striata,  Mamma  immxiculata,  and  several  species  of  Beku 

The  fauna  of  the  region  north  of  Pictou,  between  the  west 
coast  of  Cape  Breton  and  the  east  of  Prince  Edward  Island,  is 
essentially  of  an  Acadian  typa  To  the  north,  northwest,  and 
west  of  Cape  Breton,  the  deep  water  assemblage  has  probably 
an  Arctic  character. 

In  the  marine  slip  at  Pictou,  I  collected  specimens  of  Teredo 
navalis  and  7!  Norvegica,  burrowing  into  the  black  birch  of 
which  the  roller  frames  of  the  cradle  are  composed.  At  Souris, 
(Prince  Edward  I.),  the  common  periwinkle  of  England  {Litto- 
rina  liUoren)  was  plentiful,  and  it  was  subsequently  observed  at 
Charlottetown.  An  Argulus,  closely  allied  to  A,  Alosce  of  Gould, 
if  not  identical  with  it,  was  taken  off  Pictou  Island,  in  towing 
nets,  attached  to  Oasterosteus  hiaculeatust  and  other  small  fishes. 
Idoiea  irrorata  Say,  was  common  on  the  surface  at  the  same 
place,  and  was  subsequently  obtained  at  Shediac  Bay,  and  else- 
where. On  the  shores  of  the  Magdalen  Islands  it  is  tolerably 
common. 

Oruise  4. — ^In  the  last  cruise  we  endeavored  to  explore  both 
sides  of  Northumberland  Straits,  and  dredged  firom  Pictou  as 
far  to  the  northwest  as  Miramichi  Bay.  Leaving  Pictou  on  the 
19th  of  August,  we  first  dredged  a  little  to  the  N.N.W.  of 
Pictou  Island,  and  were  then  compelled  by  stormy  weather  to 
take  shelter  in  Shediac  Bay.  Being  detained  at  Point  du 
Chene  for  two  days,  we  availed  ourselves  of  the  opportunity  to 
examine  the  oyster  beds  of  Shediac  Bay.  On  these  beds,  from 
low  water  mark  down  to  three  fathoms,  the  following  species 
were  met  with : 

Cbustaoea.  Mollusoa. 

Cancer  irroratus  Say.  Ostrea  borealis  Lam, 

Crangon  vulgaris  Fab.  0.  Virginiana  Liskr. 

f  GammaniB  ornatus  Edw,  Mytilus  edulis  Linn, 

Idotea  irrorata  Say,  Modiola  modiolus  Lttui. 
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Meroenaria  violaoea  Schmm.  Grepidula  f  ornicata  lAnn, 
(Jemma  ToUenii  SL  '*        ungiiifomiis  Lam. 

Callista  oonvexa  Say.  Paludinella  minuta. 
Petricola  pholadiformis  Lam.  and  yar.     Odostomia  trifida  TbtUn. 

dactyluB.  Turbonilla  intemipta  ToUen. 

Mactra  solidiaaima  Chomn,  Lunatia  heros  Say. 

Mja  arenaria.  Bittium  nigrum  Tbttm. 

"  truncata.  Naasa  obsoleta  Saiy. 
Angulus  tener  Say.  "    triyittata  Say. 

Thrada  Conradi  (fine  and  frequent).  Astjris  lunata  Say. 
Pandora  trilineata  ?  Say.  Eohikodxbmata. 

Solen  ensis,  ▼.  Americana.  Asterias  rulgaris  SL 

Teredo,  ep.  (in  a  spruce  log).  Gribella  sanguinolenta. 

Haminsea  solitaria  Say,  Echinarachnius  parma. 

Gylichna  pertenuis  Migh,  Echinus  Drobachiensis. 

Lottia  alveus  Conrad.  Caudina  arenata  (Oauid). 

Leaving  Shediac  by  daybreak  on  the  22d  of  August,  we 
dredged  from  that  place  to  the  Egmont  Bank,  and  stood  back 
again  to  the  south  shore  the  same  evening.  The  Egmont  Bank 
is  a  small  rocky  patch,  situated  between  Shediac  Bay  and  Caj^^e 
Egmont,  Prince  Edward  Island.  The  depth  on  it  is  less  than 
ten  fathoms,  and  the  bottom  consists  of  coarse  sand  and  stones, 
the  latter  covered  with  Laminarue  and  smaller  algss,  and  per- 
forated by  Petricola  pholadiformis.  Annelids  are  numerous  in 
the  sand,  from  whicn  also  about  twelve  species  of  shells  were 
collected.  Early  the  next  morning  (August  23d),  we  stood 
over  to  the  Prince  Edward  Island  side,  and  dredged  along  the 
outside  of  Bedeque  Bay,  from  off*  St  Jacques  to  a  little  to  the 
south  of  Sea  Cow  Head.  In  the  afternoon  a  falling  barometer 
indicating  the  imminent  approach  of  a  storm,  we  made  for 
Charlottetown,  and  reached  there  only  just  in  time  to  weather 
out  the  memorable  gale  of  the  24th  of  August  We  subse- 
quently managed  to  dredge  in  Hillsborough  Bay,  also,  on  the 
opposite  shore,  off^  Pugwash  Harbor,  N.  S.,  and  off*  Shediac, 
Buctouche  and  Richibucto,  in  New  Brunswick,  and  on  the 
9th  of  September  I  left  the  schooner  and  proceeded  home. 
On  the  Prince  Edward  Island  side  of  Northumberland  Straits 
proper,  the  bottom  is  usually  a  red  (Triassic)  clayey  mud,  while 
on  the  New  Brunswick  side  it  is  generally  sandy.  The  fauna 
of  the  Straits  is  of  a  meager  Acadian  type.  A  few  sponges, 
hydriods  and  crustaceans  collected  here  have  yet  to  be  studied. 
The  annelids  are  fine  and  frequent,  but  the  echinoderms  are  all 
very  common  species.  At  depths  of  more  than  four  fathoms, 
in  Northumberland  Straits,  the  following  species  were  collected : 

Crustacea.  +Amphith6e,  sp. 

Homanis  Americanus  (fry.)  fPtilocheirus  ping^is. 

Crangon  vulgaris.  jMelphidippa,  sp. 

f  Hippolyte  puslola  Kr.  fldotea  phosphorea  Harger. 
Diaatylis  lucifera 

"        sculpta?  G.  0.  Sars.  Tunicata. 

•  -Pontoporeia  femorata.  *Eugyra  pilularis  V. 

Unciola  irrorata  Say.  Pelonaia  arenifera  St 
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MOLLUSOA. 

Pecten  tenuicostatus  Migh. 
Yoldia  bmatula  Say. 

**    sapotilla  Oculd, 
Nucala  delphinodonta  MigK 
Astarte  undata  GouUL 
Cyprina  Islandica  JJinn. 
Cardium  pixmulatum  Con, 
Callista  oonvexa  Say. 


Petrioola  pholadiformis  Lam, 
Mactra  lateralis  Say, 
Pandora  trilineata  ?  Say. 
Turbonilla  interrupta  ^tten, 
Lunatia  triseriata  Say. 
Nassa  trivittata  Say, 
Bucdnum  undatum  lAnn, 
Sipho  pjgmsus  Gld, 
Bela  canoellata  MigK 


Art.  XXVI. — Notice  of  a  new  Fossil  Spider  from   the  Coal 

Measures  of  Illinois ;  by  O.  Harger. 

Artkrolycosa*  antiqua^  gen.  et  sp.  nov. 

The  fossil  spider,  represented  in  the  accompanying  figure, 
was  found  by  Mr.  S.  S.  Strong,  in  one  of  the  well  known  iron- 
stone concretions  from  Mazon  Creek,  Grundy  County,  Illinois, 
in  "the  lower  part  of  the  true  Coal  Measures,"  and  is  now 
preserved  in  the  Museum  of  Yale  College.  The  specimen,  as 
seen  upon  the  fractured  surface  of  the  concretion,  presents  for 
examination  only  the  dorsal  surface,  and  the  other  naif  of  the 
concretion,  or  the  cover,  adds  little  or  nothing  to  the  knowledge 
of  the  fossil 

The  outline  of  the  cephalothorax  in  the  specimen  is  indistinct, 
but  measures  about  10°^  (4  in.)  in  length  by  9™™  (-35  in.)  in 
breadth.  Near  its  anterior  margin  is  a  tuber- 
cle, which  seems  to  present  traces  of  a  me- 
dian longitudinal  division,  as  if  a  pair  of  oval 
eyes  had  occupied  its  lateral  portions.  Be- 
hind this  tubercle  and  near  the  middle  of  the 
cephalothorax  is  a  pit  or  impression  in  the 
surface,  and  a  little  posterior  to  this  a  trans- 
verse ridge,  somewhat  convex  forward.  Other 
depressions  and  irregularities  upon  the  sur- 
face seem  to  be  unsymmetrical,  and  are  prob- 
ably accidental,  or  perhaps  evidence  that  it 
has  been  flattened  from  an  originally  convex  form.  In  front 
of  the  cephalothorax  are  two  short,  stout,  divergent  organs, 
apparently  the  mandibles,  only  one  of  which  is  shown  in  the 
figure.  Upon  the  upper  interior  surface  of  the  left  man- 
dible are  two  shallow  longitudinal  grooves,  separated  by  a 
narrow  rounded  ridge.  On  the  left  side  of  the  cephalothorax, 
and  behind  the  mandible,  are  four  appendages,  probably  the 

Ealpus  and  the  first  three  legs,  the  fourth  leg  on  the  left  side 
eing  absent     The  first  of  these  four  appendages  shows,  in 
connection  with  the  cephalothorax,  two  segments  and  a  part 

*  From  &p^poVf  a  joints  and  TAiottQ^  a  spider,  referring  to  the  segmentation  of  the 
abdomen. 
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of  a  thinL  The  first  two  of  these  segments  are  about  equal 
in  length,  but  the  third  is  broken  near  its  proximal  articula- 
tion, and  the  connection  of  this  appendage  with  what  seems 
to  be  its  distal  cheliform  s^ment  is  unfortunately  imperfect 
This  segment  is  also  poorly  preserved,  and  the  articulation  of 
its  digit  is  only  to  be  seen  with  a  good  magnifier  and  in  a 
certain  light  The  length  of  this  segment  is  6*5°^  ('22  in.); 
greatest  breadth,  1-5"™  (-06  in.);  length  of  digit,  4"*"  (-15  in.). 
I  do  not,  however,  consider  the  forcipulate  character  of  this 
segment  beyond  a  doubt  It  is  perhaps  not  improbable  that  it 
may  have  been  modified  much  as  in  the  males  of  ordinary 
spiders,  and  not  truly  forcipulate.  The  next  appendage  on  the 
left  side,  which  I  have  considered  the  anterior  leg,  presents  a 
long,  pretty  well  defined  segment,  doubtless  the  third  or  femoral 
segment,  and  traces  of  its  proximal  as  well  as  its  distal  articu- 
lation, beyond  which  two  other  shorter  s^ments  are  but  poorly 
preserved,  as  shown  in  the  figure.  The  next  leg  shows  only 
the  long  or  femoral  segment,  with  indications  of  the  trochanter, 
and  the  third  leg  on  this  side  is  even  less  well  preserved.  I 
suppose  the  fourth  leg  on  this  side  to  be  entirely  wanting. 

On  the  right  side  of  the  specimen,  immediately  to  the  right 
of  the  mandible,  the  margin  of  the  cephalothorax  presents  an 
elevation,  and  there  is  apparently  nothmg  but  the  verv  base  of 
the  right  palpus  remaining.  Two  segments  of  the  fir^t  leg  are 
preserved,  the  first  being  much  the  longer;  the  second  leg  is 
preserved  in  a  similar  manner,  and  the  third  also.  The  first 
segment  of  the  fourth  leg  on  this  side  has  been  much  flattened 
by  pressure.  On  the  surface  of  its  posterior  portion  are  a 
number  of  minute  pits  or  depressions,  the  larger  of  which  are 
represented  in  the  cut  The  same  structure  may  be  seen  in  a 
much  less  degree  upon  the  third  leg  of  the  same  side,  and 
traces  of  it  may  be  observed  upon  one  or  two  of  the  other 
appendages.  Another  portion  of  the  fourth  leg  of  the  right  side 
is  perhaps  preserved  in  what  appears  to  be  a  segment,  or  parts 
of  two  segments,  a  short  distance  to  the  right  of  and  behind 
the  end  of  the  first  segment,  and  not  shown  in  the  figure. 

The  abdomen  consists  of  seven  segments,  the  first  being  short 
and  the  last  two  short  and  somewhat  indistinct  Its  length 
equals  that  of  the  cephalothorax,  10™™  (4  in.),  its  greatest 
breadth,  H'o™™  ('25  in.),  breadth  at  union  with  cephalothorax, 
^.mm  ^.^5  i,^  ^  Two  longitudinal  grooves  inclosing  a  long  oval 
area  near  the  middle  of  the  anterior  part  of  the  abdomen,  and 
of  about  half  its  length  seem  to  have  been  caused  by  pressure, 
and  the  upper  surface  of  the  abdominal  segments  was  probably 
in  life  smooth,  as  I  see  no  evidence  of  the  presence  of  hairs, 
tubercles,  pits  or  grooves,  nor  of  abdominal  appendages  of  any 
kind,  and  the  irregularities  presented  by  the  specimen  appear 
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to  be  owiug  to  the  accidents  of  its  preservation.     The  presence 
or  absence  of  spinnerets  cannot  be  determined. 

In  considering  the  relations  of  this  insect  to  previously 
known  living  and  fossil  forms,  the  more  important  points  of 
structure  to  be  regarded  are,  the  segmentation  of  the  abdomen 
and  its  union  with  the  cephalothorax,  the  character  of  the  palpi, 
the  position  and  number  of  the  eyes,  and  the  cephalothoracic 
pit 

The  segmented  character  of  the  abdomen  seems  to  be  beyond 
a  doubt  Mr.  J.  H.  Emerton,  in  a  letter  to  Prof.  Marsh,  has 
called  attention  to  an  aberrant  spider  described  by  Schiodte, 
under  the  name  of  Lipisttus  desulioTj*  in  which  the  abdomen 
is  destitute  of  spinnerets  and  furnished  above  with  a  series 
of  nine  horny  plates.  The  abdomen  of  Lipistius  would  doubt- 
less, under  similar  circumstances,  bear  a  considerable  resem- 
blance to  that  of  Arthrofycosa,  and  it  is  perhaps  not  impossible 
that  the  segmented  appearance  in  the  fossil  may  have  been 
produced  by  a  similar  causa  The  difference  in  the  number  of 
such  plates  would  probably  be  a  matter  of  comparatively  slight 
structural  importance.  There  seems,  however,  no  good  reason 
for  explaining  the  apparent  segmentation  of  the  abdomen  in 
the  fossil  by  any  other  than  the  most  natural  and  obvious 
cause,  namely,  that  it  was  actuallv  segmented  in  its  structure. 
The  small  number  of  abdominal  segments,  apparently  only 
seven  at  most,  is  an  interesting  point.  If  its  segmented  charac- 
ter is,  as  has  been  suggested  by  Mr.  Scudder  and  others,  to  be 
considered  a  synthetic  or  embryonic  feature,  it  would  indi- 
cate in  this  early  form  the  partial  atrophy  of  the  post-abdomen 
as  in  the  true  spiders,  where,  as  has  been  shown  by  Clapar^de 
for  the  genus  Pholcus^  there  are  only  five  embryonic  abdominal 
rings. 

Unfortunately,  in  his  description  of  Protolycosa  anthraco- 
philuyj[  Homer  does  not  state  distincitl}'^  whether  the  abdomen 
is  segmented  or  not.  His  figures  indistinctly  indicate  nine  or 
ten  segments  in  its  abdomen,  while  in  the  discussion  of  its 
zoological  affinities,  he  implies  that  the  abdomen  was  not 
segmented  and  even  more  directly  in  the  statement,  **  Von 
dem  Vorkommen  achter  Spinnen  mit  ungegliedertem  Hinter- 
leib  (Aranece)  in  alteren  Schichten  lagen  ***** 
bisher  nur  ganz  unsichere  oder  unvollstandige  Angaben  vor." 
The  specimen  presents  no  traces  of  the  peculiar  abdominal 
appendages  of  Protolycosa,  nor  of  the  circular  opening  at  the 
extremity  of  the  abdomen,  nor  of  transverse  rows  of  tubercles. 
There  seems  to  be  no  good  evidence  that  the  union  of  the 
cephalothorax  and  abdomen   was  as  delicate  as  in   ordinary 

♦  Naturhistorisk  Tidsskrift,  11,  vol.  ii,  p.  617,  pi.  v,  1849. 
f  Neues  Jahrbuch  fur  Mineral.  Geol.  u.  Pal8K>nt  von  Leonhard  u.  GeinitE,  p. 
136,  pL  m.     Stuttgart,  1866. 
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spiders ;  the  two  were,  however,  well  separated,  and  doubtless 
by  a  more  decided  constriction  than  appears  in  the  specimen, 
thus  differing  from  the  fossil  genera  Archiiarbus*  and  Eophry- 
nus\  and  resembling  Protolycosa. 

The  palpi  in  this  specimen  must  be  considered  as  absent  on 
both  sides  unless  the  first  appendage  exterior  to  the  mandible  on 
the  left  side  be  regarded  as  a  palpus,  as  seems  to  be  the  fact 
The  segments  of  tnis  appendage  do  not  correspond  with  those 
of  the  legs,  as  shown  by  the  description  and  figure,  the  firat  two 
visible  segments  being  of  about  equal  length  instead  of  the  first 
being  much  the  longer,  as  in  the  l^s.  The  claw  or  hand  at 
the  extremity  of  this  appendage  is,  as  I  have  said,  poorly  pre- 
served, but  if  a  forcipulate  structure  existed  at  all,  it  is  as  dis- 
tinct as  in  the  false  scorpions,  and  much  more  pronounced  than 
in  ProtolycosQj  where  *'  the  last  segment  of  the  left  palpus  appears 
to  be  divided  by  an  incision  at  its  extreme  end."  Tne  presence 
of  well  developed  forcipulate  palpi  in  Artiirolycosa  would  indi- 
cate affinity  with  the  false  scorpions,  or  perhaps,  as  Prof.  Verrill 
suggests,  with  llielyphonus.  The  fossil,  however,  presents  no 
trace  of  the  long  caudal  stylet  present  in  that  genus.  If  the 
appendage  in  question  be  a  palpus  its  size  alone  would  point 
toward  affinity  with  the  lower  arachnids  {Solpiigidae^  Phrynus) ; 
if  it  be  a  leg,  then  the  palpi  were  doubtless  small  as  in  most 
spiders,  since  little  room  is  left  for  their  articulation. 

The  tubercle  upon  which  the  eyes  were  probably  situated 
seems  a  character  indicative  of  affinity  with  the  lower  arachnids, 
where,  as  especially  among  the  PlialangidoB  and  scorpions  such 
a  structure  is  common,  although  it  may  occur  among  true  sli- 
ders, as  in  LipiMius.  It  is  impossible  to  determine  whether  eyes 
existed  upon  other  parts  of  the  cephalothorax  or  not,  and  there 
is  no  reason  for  supposing  their  absence  except  such  as  may  be 
drawn  from  the  presence  of  an  oculiferous  tubercle.  Unfortu-  . 
nately  the  eyes  of  Proiolycosa  have  not  been  made  out,  but  the 
cephalothorax  of  that  fossil  seems  to  have  been  destitute  of  a 
tubercle.  This,  together  with  the  difference  in  the  abdomen 
already  mentioned,  must  be  regarded  as  furnishing  diagnostic 
characters  of  at  least  generic  importance,  to  which  may  be  added 
the  cephalothoracic  pit  in  Arlhrolycosa.  The  mandibles  i*e.sem- 
ble  those  of  Proiolycosa,  and  probably  did  not  differ  greatly 
from  those  of  the  true  spiders. 

I  would  not,  however,  refer  Arihrolycosa  to  the  true  spiders, 
but  consider  it  as  representing  a  group  of  insects  combining  fea- 
tures now  characteristic  of  separate  groups  and  of  embryonic 
states.  The  family  which  may  be  called  the  Arihrolycosidce 
seems  to  have  borne  relations  to  the  PhalangidcB  and  scorpi- 
ons in  its  oculiferous  tubercle,  and  to  the  latter  group  as  well 

*  S.  H.  Scudder,  G«ol.  Surv.  niinois,  vol.  iii,  p,  568,  fig.  4,  1868. 

t  H.  Woodward,  Greol.  Mag.,  vol.  viii,  p.  385,  pL  xi.    London,  Sept.  1871, 
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as  the  false  scorpions  and  Thelyphonus  in  its  forcipulate  palpi. 
The  union  of  the  cephalothorax  and  abdomen  appears  to  have 
been  much  as  in  Thelyphonus^  although  perhaps  resembling  that 
seen  in  the  spiders,  and  as  Mr.  Scudder  nas  suggested,  separates 
the  group  from  that  to  which  Architarbns  belongs,  while  it  is 
allied  to  the  lower  arachnids  in  general  and  to  the  embryonic 
forms  of  the  true  spiders  in  its  segmented  abdomen.  The 
general  form  of  the  insect  is  also  much  like  that  of  the  true 
spiders,  among  which  the  Mygab'dce  have  been  mentioned  by 
5lr.  Emerton  as  near  allies.  The  oculiferous  tubercle  and  the 
cephalothoracic  pit  appear  to  sustain  this  opinion  and  if  the 
examination  of  additional  material  should  show  that  the  palpi 
are  not  forcipulate,  but  are  small  and  absent  from  this  specimen, 
we  should  have  in  the  ArthrolycosldcB^  an  interesting  example 
of  what  might  properly  be  called  an  embryonic  type. 

The  thanks  of  the  author  are  due  to  Prof.  O.  C.  Marsh,  and 
through  him  to  Mr.  S.  H.  Scudder  and  Mr.  J.  H.  Emerton,  for 
the  kindly  interest  that  these  gentlemen  have  manifested,  and 
for  their  valuable  suggestions  upon  the  literature  of  the  subject 
and  the  affinities  of  the  insect. 

Yale  College,  New  Haven,  Feb.  9th,  18*74. 


Art.  XXVII. — On  some  Crystals  of  Zinc  ;  by  S.  P. 

Sharples,  S.B. 

(Read  before  the  American  Academy,  Jan.  13,  1874.) 

Some  yeara  ago  M.  G.  Farmer,  of  Boston,  constructed  a  num- 
ber of  thermo-electric  batteries,  using  an  alloy  of  zinc  and  anti- 
mony for  one  of  the  elements,  and  German  silver  for  the  other. 

The  alloy  of  zinc  and  antimony  contained  about  fifty  per 
cent  of  each  metal,  an  analysis  giving  50*7  per  cent  of  zinc. 
One  of  these  batteries  was  kept  constantly  heated  for  upward 
of  a  year,  and  upon  breaking  it  up  the  end  of  the  zinc-anti- 
mony elements  furthest  from  the  point  to  which  the  heat  was 
applied,  were  found  to  be  covered  with  a  moss-like  growth  of 
metal. 

This  moss  was  found  under  the  microscope  to  consist  of  flat 
ribbon-like  crystals,  which  were  deeply  striated  in  the  direction 
of  their  len<rth.  Analysis  gave  ninety-eight  per  cent  of  metal- 
lic zinc.  They  are  very  tough  and  will  bear  a  considerable 
amount  of  bending,  while  the  alloy  itself  is  as  brittle  as  glass. 

Prof.  Cooke,  in  some  experiments  with  zinc  and  arsenic, 
made  some  years  ago,  obtained  similar  crystals  by  subliming 
zinc  in  a  closed  tube,  and  I  have  observed  these  crystals  in  the 
prolonges  of  the  zinc  Works  in  South  Bethlehem,  Penn.     But 
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in  both  these  instances  the  zinc  has  been  deposited  from  the 
vapor  of  metallic  zinc,  while  in  the  other  case  the  heat  has  not 
been  great  enough  to  even  melt  the  asphaltum  varnish  with 
which  the  end  of  the  element  is  covered.  Cases  of  molecular 
re-arrangement  are  frequent,  when  this  change  takes  place  in 
the  interior  of  a  solid  mass,  but  I  have  never  before  met  with 
a  case  in  which  one  metal  was  separated  from  another  by  such 
change  and  projected  beyond  the  surface  of  the  alloy. 


SCIENTIFIC    INTELLIGENCE. 

L  Chemistry  and  Physics. 

1.  On  the  hydrocarbon  Fhwrerie, — This  hydrocarbon  was  dis- 
covered by  Bertbelot  in  1867,  in  that  portion  of  coal-tar  volatile 
between  300°  and  340°.  Barbibr  has  recently  submitted  it  to  a 
more  extended  investigation.  He  prepared  it  by  Bertbelot's 
method,  except  that,  instead  of  crystallizing  the  fraction  distilling 
between  300"^  and  305°  from  alcohol  alone,  a  mixture  of  alcohol  and 
benzine  was  used,  by  which  a  small  quantity  of  acenaphtene  is 
separated.  When  pure,  fluorene  has  a  well  pronounced  violet 
fluorescence,  which  disappears  on  solarization.  It  fuses  at  113°. 
The  formula  CjjHj^,  was  established  for  it:  (1)  by  an  element- 
ary analysis ;  (2)  by  an  analysis  of  the  picrate,  in  which  not  only 
were  the  picric  acid  and  the  hydrocarbon  determined,  but  also 
the  carbon  and  the  hydrogen  ;  and  (3)  by  a  complete  analysis  of 
a  well-defined  bromide.  The  picrate  crystallizes  in  fine  red 
needles,  fusing  at  80°-82°,  and  nas  the  formula  Cj -H^^,,  C^Hj 
(N02)30.  The  bromide  crystallizes^n  magnificent  clinorhombic 
tables,  fusible  at  166°-167  ,  and  has  the  formula  CjallgBrj. 
When  heated  to  redness  in  presence  of  lime,  the  bromide  yields  a 
lamellar  mass  fusible  at  100°,  and  being  apparently  diphenyl.  If 
so,  fluorene  has  the  constitution  of  diphenylmetbylene,  C{Cj  115)2. 
When  treated  with  an  acetic  acid  solution  of  chromic  acid,  it 
yields  an  oxidation-product  crystallizing  in  fine  yellow  needles, 
the  character  of  which  the  author  is  now  studying. —  C.  i?.,  Ixxvii, 
44-',  Aug.,  1873.  G.  p.  B. 

2.  Oti  Nitroanthracene  and  its  Derivatives. — More  than  a  year 
ago,  Schmidt  announced  that  mono-nitranthracene  yielded,  on 
reduction  with  tin  and  hydrochloric  acid,  not  anthracene  itself 
but  an  isomer  of  it.  He  has  now  still  farther  examined  this  sub- 
stance. Its  fusing  point  (247°),  so  near  that  of  para-anthracene 
(244),  suggests  its  identity  with  this  body.  But  that  this  cannot 
be  appears  from  several  facts.  First,  while  para-anthracene  by 
heat  passes  readily  into  anthracene,  its  fusing  point  falling  to  213°, 
the  new  isomer  may  be  repeatedly  fused  and  even  heated  to  300* 
without  any  change  in  its  fiising  point.  Moreover,  its  picrate, 
which  is  formed  less  easily  than  the  similar  anthracene  compound, 
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crystallizes  in  beantiful  red  needles  often  an  inch  lon^.  Upon 
analysis,  however,  they  give  the  formula  Cj^H,^,,  CjHj,(N02)3 
OH.  Nitric  acid,  boiling,  converts  the  new  hydrocarbon  into  a 
yellow  nitro-product,  C,4Hp(N02),  without  a  trace  of  a  qninone. 
rhis  nitro-product  sublimes  m  beautiful  pale  yellow  needles,  which 
fuse  at  209^.  These  reactions  distinguish  the  new  body  suffi- 
ciently from  anthracene  on  the  one  hand  and  para-anthracene  on 
the  other.  Bromine  yields  with  it  a  condensation  product  C,  9 
H,  jBrg,  fusing  at  273°,  subliming  without  decomposition  and  be- 
ing unattackable  by  potassium  hydrate.  Very  careful  oxidation 
by  means  of  chromic  acid  yields  a  quinone  which  has  the  formula 
Cj^HgOj,  which  sublimes  and  crystallizes  in  magnificent  red 
needles,  fusing  at  236°.  Concentrated  sulphuric  acid  dissolves 
this  quinone  with  a  splendid  iudigo-blue  color ;  a  very  delicate 
test  for  it.  Water  separates  the  unaltered  quinone  from  the  solu- 
tion. Sulphurous  acid  converts  it  into  a  colorless  hydroquinone, 
which  oxidizes  readily  in  the  air.  Distilled  with  soda-lime,  a 
hydrocarbon  is  produced  which  has  not  been  yet  studied. — Ber. 
Berl.  Chem.  Ges.y  vi,  494,  1873.  g.  f.  b. 

3.  A  new  Syrithesis  of  GlycocoU. — Emmebung  has  succeeded 
in  effecting  a  new  synthesis  of  glycocoll  which  is  not  only  remark- 
able as  a  synthetic  result  of  great  importance,  but  also  as  illus- 
trating certain  fundamental  points  in  chemical  theory.  {Starting 
from  the  fact  that  hydrogen  iodide  is  capable  of  exerting  upon 
organic  bodies  a  double  action ;  that  it  can  not  only  reduce  them 
to  the  saturated  hydrocarbon  from  which  they  are  derived,  but 
can  also  cause  them  by  assimilating  water  to  split  up  into  two  or 
more  molecules,  Emmerling  advanced  to  his  synthesis.  The  method 
was  simple ;  cyanogen  gas  was  passed  through  a  concentrated 
solution  of  hydrogen  iodide.  One  of  the  cyanogen  atoms  in  the 
molecule,  by  hydrogenation,  became  the  methylamine  residue 
CHgNHg  ;  the  other,  by  exchanging  its  nitrogen  for  the  elements 
of  water,  gave  rise  to  a  carboxyl  group,  COoH.  The  formation 
of  glycocoll  therefore  takes  place  according  to  the  following  equa- 
tion : — 

CN  CH.NH. 

The  yield  is  considerable  and  the  properties  of  the  glycocoll  are 
identical  with  those  of  that  of  organic  origin.  The  author  thinks 
this  result  goes  far  to  prove  that  the  reason  why  uric  acid  yields 
glycocoll  by  treatment  with  HI,  is  because  it  contains  a  cyanogen 
molecule;  in  opposition  to  the  view  of  Strecker,  that  the  glycocoll 
existed  partially  preformed  in  the  uric  acid. — Ber,  Berl,  Chenu 
6es.^  vi,  1351,  Dec,  1873.  G.  F.  b. 

4.  On  an  Isonur  of  Alizarm^  Qtdnizarin. — Grimm  has  re- 
cently confirmed  the  statement  of  llaeyer,  that,  like  the  other 
phenols,  hydroquinone  combines  directly  with  phthalic  acid.  He 
finds,  however,  that,  when  the  two  are  warmed  to  130°-140°  with 
concentrated  sulphuric  acid,  two  bodies  are  formed;  one  the 
phthalein   of   hydroquinone,  which   is    colorless    and    resembles 
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closely  the  phthalein  of  phenol ;  the  other  a  red  coloring  matter, 
an  isomer  of  alizarin — ^to  which  Grimm  gives  the  name  quiiiizarin 
— which  unfortunately  is  produced  in  very  small  quantity,  only 
1-2  per  cent  of  the  theoretical  yield.  It  is  prepared  by  treating 
the  mass  as  above  obtained  with  absolute  alcohol  and  then  pre- 
cipitating with  water;  or  by  solution  in  benzole,  which  dissolves 
the  quinizarin,  leaving  the  phthalein.  Recrystallization  from 
alcohol  and  ether  afford  it  pure,  and  it  then  has  the  composition 
Cj^HgO^.     It  Ls  produced  according  to  the  equation  : 

C,H,0,+C,HeO,=C,  ,H,0,  +H,0. 

From  ether  it  crystallizes  in  yellow  plates,  from  benzole  and  alco- 
hol in  deep  red  needles.  Water  throws  down  yellowish  red  flocks, 
which  become  crystalline  on  heating.  The  etherial  and  sulphuric 
acid  solutions  show  a  greenish-yeUow  fluorescence.  The  former 
shows  a  brownish  yellow  color  by  transmitted  light,  the  latter  a 
peculiar  violet,  passmg  by  dilution  into  a  bright  onion-red.  This 
suggests  its  possible  relations  with  mnnjustin.  Alkalies  dissolve 
quinizarin  to  a  deep  blue  color.  Since  anthracene  results  w^hen  its 
vapor  is  passeii  over  heated  zinc  dust,  Grimm  suggests  its  close 
similarity  with  alizarin,  and  proposes  for  it  the  rational  formula 

^6H4~*_(jQ_]_C,H2(0H),. 

— Ber.  BerL  Chem.  Ges,y  vi,  606,  1873.  g.  f.  b. 

5.  The  Horizo9ital  Pendulum, — ^ZOllneb  describes  a  series  of 
exporiments  with  a  form  of  horizontal  pendulum  of  such  surprising 
delicacy  that  it  seems  to  open  a  wide  and  fruitful  field  for  investi- 
gation. This  instrument  consists  of  a  short  horizontal  rod  sus- 
pended by  a  vertical  piece  of  fine  watch-spring,  and  carrying  at 
one  end  a  heavy  leaden  weight  and  mirror.  To  prevent  the  other  * 
end  from  rising,  a  second  watch-spring  is  attached,  and  fastened 
below.  The  two  points  of  support  lie  therefore  nearly  in  the 
same  vertical,  and  are  equidistant,  one  above  and  the  other  below, 
the  pendulum.  They  are  connected  with  the  top  and  bottom  of  a 
vertical  rod,  which  rests  on  a  tripod,  with  leveling  screws.  If  the 
two  points  lie  in  the  same  vertical,  the  weight  will  remain  in  any 
l)Ositi()n  ;  but  if  one  of  the  leveling  screws  is  slightly  moved,  the 
pendulum  will  assume  a  position  of  equilibrium  around  which  it 
will  \T[brate,  if  disturbed.  It  will  act,  in  fact,  precisely  like  a  com- 
mon pendulum,  exce}>t  that  the  effect  of  gravity  has  been  greatly 
diminished,  so  that  the  time  of  vibration  is  increased.  Its  sensi- 
bility is  of  course  readily  varied  by  shifting  the  levelling  scivw. 
In  the  instrument  actually  employed,  the  pendulum  weighed  about 
six  pounds,  and  when  removed  from  its  supports  and  vibrated  ver- 
tically like  a  common  pendulum,  its  time  of  oscillation  was  about 
'25  of  a  second.  The  sprinujs  were  about  eight  inches  long  and 
the  delicacy  of  the  instrument  was  such  that  its  vibrations  were 
easily  observed  when  the  time  was  increased  to  thirty  seconds, 
corresponding  to  a  diminution  of  the  force  of  gravity  of  fourteen 
thousand  times.     In  the  actual  experiments  a  time  of  vibration  of 
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14*44  seconds  was  employed.  The  motions  were  observed  by 
viewing  the  reflections  of  a  scale  at  a  distance  of  3168°*'°  from  the 
mirror.  The  whole  instrument  was  mounted  on  a  stone  pier  and 
protected  with  great  care  from  air  currents,  or  changes  of  tempera- 
ture. The  instrument  was  so  susceptible  to  disturbing  influences, 
that  it  was  set  in  motion  by  a  railway  train  passing  at  a  distance 
of  about  a  mile. 

Any  change  in  the  direction  of  the  force  of  gravity  would  pro- 
duce a  corresponding  motion  of  the  pendulum,  and  in  the  present 
case  a  change  of  '001  of  a  second  of  arc  would  be  perceptible,  or 
would  alter  the  scale-reading  '1  of  a  millimeter.  New  the  calcula- 
tions of  Dr.  C.  A.  F.  Peters  show  that  the  effect  of  the  moon 
when  at  its  maximum  produces  a  deviation  of  '0174",  or  doubling 
this  amount  for  the  difference  on  the  two  sides  of  the  meridian 
•0:56",  or  thirty-five  times  the  amount  perceptible  with  this  instru- 
ment. The  sun  in  like  manner  would  produce  a  variation  of  *016'\ 
Hence  it  seems  possible  by  this  means  to  weigh  directly  the  masses 
of  the  sun  and  moon  in  terms  of  the  earth,  and  hence  determine 
their  distances.  The  deviation  would  change  its  sign  whenever 
these  bodies  crossed  the  meridian,  and  hence  if  it  could  be  accu- 
rately determined,  would  afford  a  means  of  measuring  the  time  re- 
quired by  gravity  to  pass  from  the  sun  to  the  earth.  Of  course, 
such  observations  would  be  greatly  disturbed  by  variations  of 
temperature,  shaking  of  the  ground,  and  many  other  causes ;  and 
hence  should  be  conducted  in  caves  at  a  considerable  distance  from 
human  habitation. — Pogg.  Annal.,  cl,  134.  e.  c.  p. 

6.  Specific  h^eat  of  Oases  Wider  constant  volume  and  tinder  con- 
stant pressure. — M.  Amaoat  has  measured  that  most  important 
constant,  the  ratio  of  the  two  specific  heats  of  gases,  as  follows. 
The  simplest  method  would  be  that  of  MM.  Clement  and  Desor- 
mes,  were  it  not  for  the  oscillation  of  the  gaseous  mass  at  the  ori- 
fice, discovered  and  studied  by  M.  Cazin.  This  complication  is 
avoided  by  the  method  here  employed,  which  consists  in  com- 
pressing a  limited  volume  of  the  gas,  at  the  pressure  of  the  atmos- 
phere, and  determining  its  pressure  immediately  after  its  reduction 
m  volume.  The  initial  and  final  volume  being  determined  with- 
out diflSculty,  it  only  remains  to  apply  the  fonnula  of  Poisson, 

C  C 

pv  *^  zzip'v'  ^ ,  in  which  the  exponent  —  is  the  unknown  quantity. 

c 

It  appeared  at  first  difiicult  to  determine  almost  instantly  with 
a  manometer  the  pressure  of  a  gas  which  be^an  immediately  to 
cooL     It  was  easily  done,  however,  by  the  following  method. 

The  gaseous  mass,  immediately  after  compression,  was,  by  open- 
ing a  stopcock,  put  in  communication  with  a  manometer  of  oil, 
previously  set  at  a  pressure  a  little  less  than  that  sought ;  so  that 
the  ascent  of  the  manometric  liquid  was  very  slight.  Closing  the 
stopcock  the  manometer  remained  more  nearly  at  the  right  height 
than  before.  Repeating  this  operation  several  times,  the  manome- 
ter at  length  remained  stationary  at  the  instant  when  the  stopcock 
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was  opened,  and  marked  then  the  desired  pressure.  This  pressure 
was  now  determined  by  connecting  a  mercury  manometer  with 
the  oU. 

The  compression  of  the  gas  was  effected  by  a  column  of  mer- 
cury rising  rapidly  in  a  large  tube,  which  formed  the  prolongation 
of  the  neck  of  the  flask  in  which  the  gas  was  enclosed.  The  pres- 
sure was  communicated  to  the  mercury  by  a  layer  of  oil  driven 
by  a  piston  fitting  into  a  copper  cylinder.  The  heat  which  would 
be  developed  by  iriction  if  the  piston  compressed  the  gas  directly 
was  thus  avoided ;  the  compression  was  easily  effected  in  half  a 
second  and  the  results  were  very  concordant.  The  amount  of  the 
compression  never  exceeded  three  centimeters,  and  in  the  last  se- 
ries of  observations,  the  greatest  deviation  from  the  mean  was 
only  a  tenth  of  a  millimeter. 

fiy  studying  the  descending  motion  of  the  manometer  after  the 
compression  it  was  found  that  a  slight  correction  could  be  applied 
for  tne  lowering  of  the  temperature  of  the  gas  during  compression. 

C 

Without  the  correction,  for  atmospheric  air  — =1'391,  and  ap- 
plying the  correction  — ^=:1"397. 

It  is  evident,  further,  that  we  can  avoid,  or  at  least  greatly  di- 
minish, the  effect  of  cooling,  by  employing  a  large  reservoir ;  the 
flask  here  used  having  a  volume  of  scarcely  twenty  liters. 

From  the  preceding  result  we  deduce  for  the  mechanical  equiv- 
alent of  heat  the  number  434,  which  differs  only  by  a  single  unit 
from  that  recently  found  by  M.  Violle  with  Foucault's  apparatus. 

C 

An  experiment  with  carbonic  acid  gave  the  results  — :=  1*299; 

an  accident  happening  to  the  apparatus  interrupting  the  study  of 
this  gas.  There  is  reason  to  believe  that  this  result  is  a  little  too 
great;  moreover  the  gas  was  not  entirely  free  from  air. —  Compt^ 
Mendus^  Ixxvii,  1326.  e.  c.  p. 

7.  JUlative  intensity  of  the  constituent  rays  of  various  sources 
of  light, — M.  Trannin  describes  a  form  of  photometer  for  com- 
paring the  intensity  of  the  various  simple  colors  of  which  every 
light  18  composed.     It  consists: — 

(1.)  Of  two  small  right-ancled  prisma,  placed  one  above  the 
other  and  turned  in  opposite  directions,  so  as  to  receive  the  rays 
from  two  sources  of  light  placed  opposite  each  other. 

(2.)  These  prisms  are  placed  in  front  of  a  narrow  slit  whose 
height  is  thus  divided  into  two  halves  unequally  illuminated. 
The  light  then  enters  a  collimater  by  which  it  is  rendered 
parallel,  next  a  polarizer  whose  principal  section  is  vertical,  and 
then  a  plate  of  quartz  about  a  centimeter  thick,  cut  parallel  to  the 
axis  and  whose  principal  section  makes  an  angle  of  45°  with  that 
of  the  polarizer;  finally,  through  an  analyzer,  having  its  principal 
section  vertical,  formed  of  a  double  image  prism. 

(3.)  The  dispersive  prism  and  telescope  of  a  spectroscope  finally 
receive  the  luminous  rays. 
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The  doable  image  prism  doubling  both  rays  makes  the  ordinary 
ray  from  one  source  coincide  with  the  extraordinary  ray  from  the 
other.  But  in  general  each  of  the  elementary  rays  emerging  from 
the  plate  of  quartz  is  polarized  elliptically,  and  we  know  that  this 
kind  of  light  after  having  traversed  any  doubly-refracting  analy- 
zer gives  two  images  of  unequal  intensity  polarized  at  right-angles, 
but  whose  sum  is  constant  and  equal  to  the  sum  of  the  squares  of 
the  velocities  parallel  to  the  two  axes  of  the  ellipse.  The  beam, 
after  traversing  the  double-image  prism,  will  then  eive  a  spectrum 
formed  of  three  horizontal  bands,  in  the  field  of  the  telescope. 
That  in  the  center  is  due  to  the  superposition  of  the  extraor- 
dinary ray  from  one  part  of  the  slit,  on  the  ordinary  ray  from 
the  other  part,  and  is  consequently  continuous,  or  as  if  it  was 
completely  unpolarized,  if  the  two  parts  are  equally  illuminated. 
Above  and  below  will  be  spectra  traversed  with  bands,  the  dark 
spaces  of  one  corresponding  to  the  light  ones  of  the  other. 

To  make  the  observation,  therefore,  one  of  the  lights  must  be 
diminished  until  the  bands  completely  disappear  from  the  central 
spectrum.  This  is  accomplished  by  either  withdrawing  one  of  the 
sources  of  light,  or  by  interposing  a  Nicol's  pnsm  between  tlie  eye 
and  eye-piece,  which  may  be  turned  through  any  desired  angle. 
—  Compies  HendtMylxsivm J  1491.  e.  o.  p. 

8.  Tne  iSekciion  and  Nomenclature  of  Ih/namical  and  Eleo- 
trical  U^nits.* — We  consider  that  the  most  urgent  portion  of  the 
tank  entrusted  to  us  is  that  which  concerns  the  selection  and 
nomenclature  of  units  of  force  and  energy ;  and  under  this  head 
we  are  prepared  to  offer  a  definite  recommendation. 

A  more  extensive  and  difficult  part  of  our  duty  is  the  selection 
and  nomenclature  of  electrical  and  magnetic  units.  Under  this 
head  we  are  prepared  with  a  definite  recommendation  as  regards 
selection,  but  with  only  an  interim  recommendation  as  regards 
nomenclature. 

Up  to  the  present  time  it  has  been  necessary  for  every  person 
who  wishes  to  specify  a  magnitude  in  what  is  called  "  absolute " 
measure,  to  mention  the  three  fundamental  units  of  mass,  len^h, 
and  time,  which  he  has  chosen  as  the  basis  of  his  system.  This 
necessity  will  be  obviated,  if  one  definite  selection  of  three  funda- 
mental units  be  made  once  for  all,  and  accepted  by  the  general 
consent  of  scientific  men.  We  are  strongly  of  opinion  that  such 
a  selection  ought  at  once  to  be  made,  and  to  be  so  made  that  there 
will  be  no  subsequent  necessity  for  amending  it. 

We  think  that,  in  the  selection  of  each  kind  of  derived  unit, 
all  arbitrary  multiplications  and  divisions  by  powers  of  ten,  or 
other  factors,  must  be  rigorously  avoided,  and  the  whole  system 
of  fundamental  units  of  force,  work,  electrostatic,  and  electro- 
magnetic elements,  must  be  fixed  at  one  common  level — that  level, 
namely,  which  is  determined  by  direct  derivation  from  the  three 
fundamental  units  once  for  all  selected. 

The  carrying  out  of  this  resolution  involves  the  adoption  of 

*  First  Report  of  the  Britifih  Association  Ck>minittee  on  Units. 
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8ome  units  which  are  excessively  large  or  excessively  small  in 
comparison  with  the  magnitudes  which  occur  in  practice ;  but  a 
remedy  for  this  inconvenience  is  provided  by  a  method  of  denot- 
ing decimal  multiples  and  sub-multiples,  which  has  already  been 
extensively  adopted,  and  which  we  desire  to  recommend  for 
general  use. 

On  the  initial  question  of  the  particular  units  of  mass,  length, 
and  time,  to  be  recommended  as  the  basis  of  the  whole  system, 
a  protracted  discussion  has  been  carried  on,  the  principal  point 
discussed  being  the  claims  of  the  gram,  the  meter  and  the  second, 
as  against  the  gram,  the  centimeter^  and  the  second ;  the  former 
combination  having  an  advantage  as  regards  the  simplicity  of  the 
name  meter^  while  the  latter  combination  has  the  advantage  of 
making  the  unit  of  mass  practically  identical  with  the  mass  of 
unit  volume  of  water ;  in  other  words,  of  making  the  value  of  the 
density  of  water  practically  equal  to  unity.  We  are  now  all  but 
unanimous  in  regarding  this  latter  element  of  simplicity  as  the 
more  important  of  the  two ;  and  in  support  of  this  view  we  desire 
to  quote  the  auth(»rity  of  Sir  W.  Thomson,  who  has  for  a  long 
time  insisted  very  strongly  upon  the  necessity  of  employing  units 
which  conform  to  this  condition. 

We  accordingly  recommend  the  general  adoption  of  the  centi- 
meter, the  gram,  and  the  second,  as  the  three  fundamental  units : 
and  until  such  time  as  special  names  shall  be  appropriated  to  the 
units  of  electrical  and  magnetic  magnitude  hence  derived,  we 
recommend  that  they  be  distinguished  from  "  absolute "  units 
otherwise  derived,  by  the  letters  "  C.  G.  S."  prefixed,  these  being 
the  initial  letters  of  the  names  of  the  three  fundamental  units. 

Special  names,  if  short  and  suitable,  would  in  the  opinion  of 
most  of  us,  be  better  than  the  provisional  designations  "  G.  G.  S. 

unit   of "     Several  lists   of  names  have   already   been 

suggested ;  and  attentive  consideration  will  be  given  to  any 
further  suojgestions  wljich  we  may  receive  from  pereons  interested 
in  electrical  nomenclature. 

The  "  ohm,"  as  represented  by  the  original  standard  coil,  is 
api)roximately  10»  C.  G.  S.  units  of  resistance.  The  *'volt"  is 
approximately   10®   C.  G.   S.    units   of  electromotive   force,   and 

the  "  farad  "  is  approximately  — ^  of  the  C.  G.  S.  unit  of  capacity. 

For  the  expression  of  high  decimal  multiples  and  sub-multiples, 
we  recommend  the  system  introduced  by  Mr.  G.  J.  Stoney — a 
system  which  has  already  been  extensively  employed  for  elec- 
trical purposes.  It  consists  in  denoting  the  exponent  of  the 
power  of  10  which  serves  as  multiplier,  by  an  appended  cardinal 
number  if  the  exponent  be  positive,  and  by  a  prefixed  ordinal 
number  if  the  ex{)onent  be  negative.     Thus : — 

10'  grams  constitute  a  (jram-nine^ 

— u  of  a  gram  constitutes  a  ninth-gram. 

The  earth's  circumference  is  approximately  four  meter-sevens,  or 
four  centimeter-nines. 
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For  multiplication  or  division  by  a  million,  the  prefixes  megcf^ 
and  micro  may  conveniently  be  employed,  according  to  the 
present  customs  of  the  electricians.  Thus  the  megohm  is  a  million 
ohms,  and  the  microfarad  is  the  millionth  part  of  a  farad.  The 
prefix  mega  is  equivalent  to  the  affix  six.  The  prefix  micro  is 
equivalent  to  the  prefix  sixth.  The  prefixes  kilo^  hectOy  deka^  dedy 
centiy  milli  can  also  be  employed  in  their  usual  senses  before  all 
new  names  of  units. 

As  regards  the  name  to  be  given  to  the  C.  G.  S.  unit  of  force, 
we  recommend  that  it  be  a  derivative  of  the  Greek  dvva^is. 
The  form  dynamy  appears  to  be  the  most  satisfactory  to  etymolo- 

flsts.  Dynam,  is  equally  intelligible,  but  awkward  in  sound  to 
nglish  ears.  Tlie  shorter  form  dynSy  though  not  fashioned  ac- 
cording to  strict  rules  of  etymology,  will  probably  be  generally 
preferred  in  this  counti*y.  Bearing  in  mind  that  it  is  desirable 
to  construct  a  system  with  a  view  to  its  becoming  international, 
we  think  that  the  termination  of  the  word  should,  for  the  present, 
be  left  an  open  question.  But  we  earnestly  request  that,  which- 
ever form  of  the  word  be  employed,  its  meanmg  be  strictly  limited 
to  the  unit  of  force  of  the  C.  G.  S.  system ;  that  is  to  say,  the  force 
which,  acting  upon  a  gram  of  matter  for  a  second,  generates  a 
velocity  of  a  centimeter  per  second. 

The  C.  G.  S.  unit  of  work  is  the  work  done  by  thia  force,  work* 
ing  through  a  centimeter;  and  we  propose  to  denote  it  by  some 
derivative  of  the  Greek  spyoy.  The  forms  ergoUy  ergal,  and  erg 
have  been  suggested  ;  but  the  second  of  these  has  been  used  in  a 
different  sense  by  Clausius.  In  this  case  also  we  propose  for  the 
present  to  leave  the  termination  unsettled ;  and  we  request  that 
the  word  ergon  or  erg  be  strictly  limited  to  the  C.  G.  S.  unit  of 
work,  or  what  is,  for  purposes  of  measurement,  equivalent  to  this, 
the  C.  G.  S.  unit  of  energy,  energy  being  measured  by  the  amount 
of  work  which  it  represents. 

The  C.  G.  S.  unit  of  power  is  the  power  of  doing  work  at  the 
rate  of  one  erg  per  second,  and  the  po\i^er  of  an  engine  (under 
given  conditions  of  working)  can  be  specified  in  ergs  per  second. 

For  rough  comparison  with  the  vulgar  (and  variable)  units  based 
on  torrestnal  gravitation,  the  following  statement  will  be  useful: — 

The  weight  of  a  gram  at  any  part  of  the  earth's  surface  is  about 
980  dynes,  or  rather  less  than  a  kilodyne. 

The  weight  of  a  kilogram  is  rather  less  than  a  megadyne,  being 
about  980,000  dynes. 

Conversely,  the  dyne  is  about  1  02  times  the  weight  of  a  milli- 
gram at  any  part  of  the  earth's  surface,  and  the  megadyne  is 
about  1  'O'i  times  the  weight  of  a  kilogram. 

The  kilogram-meter  is  rather  less  than  the  erg-eight,  being 
about  98  million  ergs. 

The  gram-centimeter  is  rather  less  than  the  kilerg,  being  about 
980  ergs. 

♦  Before  a  vowel,  either  meg  or  megcU  (as  euphony  may  suggest),  may  be  em- 
ployed instead  of  mega. 

Am.  Joub.  ftci.— Third  Series,  Vol.  VII,  No.  39.— March,  1874. 
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For  exact  comparison  the  value  oig  (the  acceleration  of  a  body 
falling  in.  vacuo)  at  the  station  considered,  must  of  course  be 
known.  In  the  above  comparisons,  it  is  taken  as  980  C.  G.  S. 
units  of  acceleration. 

One  horse-power  is  about  three  quarters  of  an  erg-ten  per  second. 
More  nearly,  it  is  7*46  erg-nines  per  second,  and  one  force  de 
cheval  is  7*36  erg-nines  per  second. 

The  mechanical  equivalent  of  one  gram-degree  (centigrade)  of 
heat  is  4  re  megalergs  or  41,600,000  ergs.* 

[The  dyne  or  unit  of  force  which  is  proposed  by  the  committee 
is  to  be  a  new  unit  of  the  same  nature  as  a  gram-weight,  or  the 
earth^s  attraction  for  a  gram-mass,  and  having  no  conoimensurable 
ratio  with  it.  Now  our  simplest  and  most  useful  ideas  of  force 
are  derived  at  once  from  weight.  It  seems  to  us  that,  of  necessity, 
this  will  always  be  the  case.  Probably  the  learned  committee 
have  no  expectation  that  even  among  scientific  men  the  new  units 
will  entirely  replace  what  they  caff  the  vulgar  ones.  If,  then, 
their  recommendation  is  accepted,  we  shall  create  for  certain  de- 
pailraents  of  mechanical  science  new  units  of  force  and  energy 
which  are  in  no  useful  ratios  to  those  used  in  other  departments 
of  science,  and  by  people  at  large.  Is  there  not  some  way  of 
avoiding  this  great  evil?  Societies  are  formed  and  sustained 
whose  main  and  most  worthy  object  is  to  get  rid  of  such  confu- 
sions. We  think  the  proposed  units  should  be  stoutly  challenged 
to  show  a  necessity  for  their  being. 

We  do  need,  it  may  be  added,  a  new  name  for  the  earth's  at- 
traction upon  a  gram  of  matter  at  some  fixed  place.  The  words 
gram,  pound,  ton,  etc.,  have  had  to  do  service  in  two  different 
senses,  that  is,  as  mass,  and  as  force.  If  any  good  word  could 
come  into  use  that  shall  express  the  earth's  attractive  force  for  a 
gram  of  matter  at  some  place  that  may  be  agreed  upon,  it  would 
meet  a  real  want. — h.  a.  n] 

II.  Geology  and  Natural  History. 

1.  Some  of  the  Geological  views  of  Sutton, — The  following 
paragraphs  are  cited  from  an  Inaugural  Lecture  by  Archibald 
Geikie,  Professor  of  Geology  and  Mmeralogy  in  the  iJniversity  of 
Edinburgh.  1871. — Hutton  felt,  as  Steno  and  Moro  had  done,  that 
the  earthquake  and  volcano  were  but  parts  of  the  general  mechan- 

*  Mr.  Stoney,  who  is  a  member  of  the  Committee,  urges  the  meter  instead  of 
the  centimeter  as  the  unit  of  length  to  serve  as  base  of  the  system.  He  says  the 
centimeter  "  is  far  too  small^  and  its  multiples  and  submultiples  cannot  be  briefly 
designated.  From  its  being  too  small,  it,  in  conjunction  with  the  gram  and  sec- 
ond, lands  us  in  quite  out-of-the-way  mechanical  units — the  unit  of  force  which 
results  being  but  little  more  than  the  pressure  of  a  milligram,  and  the  imit  of  work 
being  but  little  more  than  the  hundred  thousandth  part  of  a  grammeter.  This  I 
deem  a  very  serious  objection. 

**  I  still  think  that  these  awkward  consequences,  and  the  footing  which  the 
meter  has  already  gained  in  science,  will  prove  fatal  to  the  recommendation  of  the 
Committee,  and  that  experience  will  show  that  the  meter  must  in  the  end  be 
accepted  as  the  standard  unit  of  length." 
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iflm  of  our  planet.  But  he  saw,  also,  that  th»?y  were  not  the  only- 
exhibitions  of  the  potency  of  subterranean  agencies,  that,  in  fact, 
they  were  only  partial  and  perhaps  even  secondary  manifestations 
of  the  influence  of  the  great  internal  heat  of  the  globe,  and  that 
the  full  import  of  that  influence  could  not  be  understood  unless 
careful  study  were  given  also  to  thi»  structure  of  the  rocky  crust 
of  the  earth.  Accordingly  he  set  himself  for  years  patiently  to 
gather  and  meditate  over  data  which  would  throw  light  upon  that 
structure  and  its  history.  The  mountains  and  glens,  river-valleys 
and  sea-coasts  of  his  native  country,  were  diligently  traversed  by 
him,  every  journey  adding  something  to  his  store  of  materials,  and 
enabling  him  to  arrive  continually  at  wider  views  of  the  general 
economy  of  nature.  At  one  time  we  And  him  in  a  Highland  glen 
searching  for  proofs  of  a  hypothesis  which  he  was  convinced  must 
be  true,  and,  at  their  eventual  discovery,  breaking  forth  into  such 
gleeful  excitement  that  his  attendant  gillies  concluded  he  must 
certainly  have  hit  upon  a  mine  of  gold.  At  another  time  we  read 
of  him  boating  with  his  ^ends  Pfayfair  and  Hall  along  the  wild 
cliflTs  of  Berwickshire ;  again,  in  search  of  confirmation  to  his  views, 
and  finding,  to  use  the  words  of  Playfair,  "  palpable  evidence  of 
one  of  the  most  extraordinary  and  important  facts  in  the  natural 
history  of  the  earth." 

As  a  result  of  his  wanderings  and  reflection,  he  concluded  that 
the  great  mass  of  the  rocks  which  form  the  visible  part  of  the 
crust  of  the  earth  was  formed  under  the  sea,  as  sand,  gravel,  and 
mud  are  laid  down  there  now ;  and  that  these  ancient  sediments 
were  consolidated  by  subterranean  heat,  and,  by  paroxysms  of  the 
same  force,  were  fractured,  contorted,  and  upheaved  into  dry  land. 
He  found  that  portions  of  the  rocks  had  even  been  in  a  fused  state ; 
that  granite  had  been  enipted  through  other  stony  masses ;  and 
that  the  dark  trap-rocks,  or  "  whin  stones  "  of  Scotland,  were  like- 
wise of  igneous  origin.     *         ♦         *         * 

Hutton  maintained  that  the  combined  influence  of  subterranean 
heat  and  pressure  upon  sedimentary  rocks  could  consolidate  and 
mineralize  them,  and  even  convert  them  into  crystalline  masses. 
He  was  thus  the  founder  of  the  modern  doctrines  of  metamor- 
phism  regarding  the  gradual  transformation  of  marine  sediments 
into  the  gnarled  and  rugged  gneiss  and  schist  of  which  mountains 
are  built  up.  Let  me  quote  the  eulogium  passed  upon  this  part  of 
his  work  in  an  essay  by  M.  Daubree,  which  eleven  years  ago  was 
crowned  with  a  prize  by  the  Academy  of  Sciences  at  Paris : — "  By 
an  idea  entirely  new,  the  illustrious  Scottish  philosopher  showed 
the  successive  cooperation  of  water  and  the  internal  heat  of  the 
globe  in  the  formation  of  the  same  rocks.  It  is  the  mark  of  gen- 
ius to  unite  in  one  common  origin  phenomena  very  diflerent  in 
their  nature."  "  Hutton  explains  the  history  of  the  globe  with  as 
much  simplicity  as  grandeur.  Like  most  men  of  genius,  indeed, 
who  have  opened  up  new  paths,  he  exaggerated  the  extent  to 
which  his  conceptions  could  be  applied.  But  it  is  impossible  not 
to  view  with  admiration  the  profound  penetration  and  the  strict- 


iK«9  of  mdmewm  ci  so  dcar^asktcd  a  man,  at  a  time  when  exact 
ol^serratioo*  La>i  beec  sc*  iev.  he  bein^r  the  fint  to  recogiiize  the 
simaltanevi'as  eSttt  •>(  wmxer  and  heat  in  the  formation  of  rocks, 
in  imagizking  a  «TS<em  whiich  embnces  the  whole  physical  system 
of  the  globes  fie  e^abiiahei  pnnnpks  which,  in  so  far  as  they 
are  fdn^lamentaL  are  now  vniTersaliy  admitted.^      «       *       *      * 

Untton  lirst  caught  the  meaning  of  that  constant  circolation  of 
water  which,  by  means  of  eTaporation.  winds,  doods,  rain,  sdov, 
brriok««  an«i  riveis,  i$  kept  up  between  land  and  sea.  He  saw  that 
the  sorfaee  of  the  dry  land  is  everywhere  being  wasted  and  worn 
aw:iy.  The  scarped  cliC  the  ragged  glen,  the  lowland  valley,  are 
each  ondergcHng  this  proce^ss  of  destruction ;  wherever  land  rises 
above  ocean,  there,  from  monntain-top  to  sea-shore,  deffradation  is 
continaally  going  on.  Here  and  there,  indeed,  the  debris  of  the 
hills  may  be  spread  out  upon  the  plains ;  here  sjid  there,  too,  dark 
angular  peaks  acd  crags  nse  as  they  rose  centuries  ago,  and  seem 
to  defy  the  elements.  But  these  are  only  apparent  and  not  real 
exceptions  to  the  universal  law,  that,  so  long  as  a  suriiace  of  land 
is  exposed  to  the  atmosphere,  it  must  sufl^r  disintegration  and 
removal. 

But  Button  saw.  further,  that  this  waste  is  not  equally  distrib- 
uted over  the  whole  face  of  the  dry  land.  He  perceived  that 
while,  owing  to  the  greater  or  lesiii  resistance  offered  by  different 
kinds  of  rocks,  the  rate  of  decay  must  vary  indefinitely,  the 
amount  of  material  must  necessarily  be  greatest  where  the  surplus 
water  f  ows  off  toward  the  sea,  that  is,  along  the  channels  of  the 
streams.  Water-courses,  he  argued,  are  precisely  in  the  lines 
which  water  would  naturally  follow  in  runnmg  down  the  slope  of 
the  land  from  its  water-shed  to  the  sea,  and  which,  when  once  se- 
lected by  the  surplus  drainage,  would  necessarily  be  continually 
widened  and  deepened  by  the  excavating  power  of  the  rivers. 
Hence  he  regarded  the  streams  and  rivers  of  a  country  as  follow- 
ing the  lines  which  they  had  chiselled  for  themselves  out  of  the 
solid  land ;  and  thus  he  arrived  at  the  deduction  that  valleys  have 
been,  inch  by  inch  and  foot  by  foot,  dug  out  of  the  solid  frame- 
work of  the  land  by  the  same  natural  agents — rain,  frost,  springs, 
rivers — by  which  they  are  still  made  wider  and  deeper.  "The 
mountains,"  he  said,  "  have  been  formed  by  the  hoUowing  out  of 
tho  valleys,  and  the  valleys  have  been  hollowed  out  by  the  attri- 
tion of  hard  materials  coming  from  the  mountains."  This  is  a 
doctrine  which  is  only  now  beginning  to  be  adequately  realized. 
Yet  to  Hutton  it  was  so  obvious  as  to  convince  him,  to  use  his  own 
memorable  words,  "  that  the  great  system  upon  the  surface  of  this 
earth  is  that  of  valleys  and  rivers,  and  that,  however  this  system 
shall  be  interrupted  and  occasionally  destroyed,  it  would  necessa- 
rily be  again  formed  in  time,  while  the  earth  continued  above  the 
level  of  the  sea." 

2.  On  tlie  Topography  and  Geology  of  Santo  Domingo ;  by 
William  M.  Gabh.  260  pp.  4to,  with  a  map.  From  the  Trans- 
actions of  the  American  Philosophical  Society,  voL  xv. — ^Mr.  Gabb 
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here  presents  the  results  of  his  investigations  during  three  years 
residence  in  San  Domingo,  comprising  facts  relating  to  the  topog- 
raphy and  geology  of  15,000  square  miles,  or  about  half  the  island. 
He  states  that  the  only  fossiliferous  rocks  of  the  island,  besides 
the  Quaternary,  are  the  Cretaceous,  which  are  all  more  or  less  met- 
amorphic,  and  the  Tertiary.  Along  the  central  portions  of  the 
island  there  are  crystalline  rocks,  which  he  groups  under  the  gen- 
eric term  of  Syenite^  since  they  almost  invariably  consist  of  the 
three  essential  minerals,  quartz,  feldspar  and  hornblende.  They 
are  pronounced  intrusive.  Flanking  the  Cretaceous  slates,  etc.,  of 
the  Sierra,  there  is  a  broad  development  of  Tertiary  along  the 
northern,  and  part  of  the  southern,  side  of  the  island. 

The  metamorpliic  rocks  refeiTed  to  the  Cretaceous  are  much  up- 
turned and  folded,  the  axes  of  the  folds  usually  east  and  west,  or 
parallel  with  the  axis  of  the  mountains.  The  rocks  include,  besides 
the  common  slates,  semi-talcose  in  aspect,  thick  strata  of  sand- 
stones, limestones  and  conglomerates ;  but,  owing  to  the  disturbed 
condition  of  the  whole,  and  the  partial  obliteration  of  the  bedding 
in  some  cases,  the  order  of  stratification  has  not  been  made  out. 
The  reference  of  them  to  the  Cretaceous  is  sustaitied  by  the  dis- 
covery, at  a  few  points,  of  species  of  Ostrea^  THgonia,  Aramonr 
UeSy  and  some  other  genera,  which  appear  to  be  of  Cretaceous 
character. 

The  Tertiary  of  the  island  is  referred  to  the  Miocene  period ; 
about  thirty  per  cent  of  the  shells  belong  to  living  species.  The 
beds  in  general  lie  nearly  horizontally  over  the  Cretaceous,  but  in 
some  places  are  highly  tilted.  In  the  middle  of  the  Santiago  val- 
ley the  height  of  the  beds — there  -horizontal — is  about  200  feet, 
and,  in  the  hills  south  of  Samana  bay,  300  to  400  feet ;  but,  further 
north,  they  have  been  elevated  along  a  line  a  hundred  miles  in 
length,  with  some  upturning,  to  a  height  in  some  cases  of  3000 
feet  or  more,  *' making  the  Monte  Christi  Chain,  where,  until  the 
end  of  the  Miocene,  had  been  a  level  sea-bottom,  covered  with 
white  calcareous  mud."  A  large  number  of  Miocene  fossils  are 
described  by  Mr.  Gabb.  In  connection  with  the  account  of  the 
Quaternary,  Mr.  Gabb  describes  a  chalk-like  rock,  which  is  of 
Coral  origin.  As  it  is  not  derived  from  the  accumulation  of 
Rhizopods,  like  true  chalk,  he  has  named  the  soft  rock  AntiUite, 
The  above  are  a  few  facts  from  this  important  memoir. 

3.  TVachytic  and  doleritic  rocks  in  alternations  in  the  Puehla 
Range  of  mountains^  in  the  northern  part  of  Humboldt  county , 
Nevad<i ;  by  James  Blake,  M.D. — Dr.  Blake  describes  the 
Puebla  Mountains  as  consisting  of  an  eastern  ridge  of  upturned 
metamorphic  rocks,  having  the  strike  N.  16°  E.  and  dip  78°  to 
the  eastward ;  and  a  western  ridge  formed  of  beds  of  eruptive  rocks 
dipping  20°  to  the  westward.  The  latter  are  all  conformable  from 
the  base  to  the  summit,  1200  feet  above,  and  vary  in  thickness  from 
20  to  60  or  more  feet.  The  eruptions  are  stated  by  Dr.  Blake  to 
be  probably  early  Miocene.  The  rocks  of  the  beds  are  of  both 
the  doleritic  and  trachytic  kinds.    They  include  the  varieties  of 
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dolerite,  called  basalt  and  anamesite,  the  ehrysolitic  kind  or  peri- 
dotite,  and  the  chloritic  kind  called  diabase;  and,  in  alternations 
with  these,  trachyte ;  and  toward  the  top  vesicular  trachyte  and  por- 
phyritic  obsidian.  In  a  porphyritic  dolerite  the  crystals  of  labra- 
aorite  are  an  inch  long,  ana  often  twins ;  and  the  augite  is  some- 
times in  crystalline  plates.  IViagnetite  is  present  in  most  of  the 
rocks  in  minute  grains  or  cnrstals.  Several  of  the  rock8  have 
been  analyzed :  the  porphyritic  dolerite  afforded  49  per  cent  of 
silica ;  the  anamesite,  44  per  cent ;  the  diabase,  51  per  cent ;  the 
green  trachyte,  72  per  cent.  Dr.  Blake  concludes  from  the  facts 
that  the  views  of  Kichthofen  with  regard  to  the  relative  ages  of 
the  different  kinds  of  eruptive  rocks  will  not  apply  to  those  of  the 
Puebla  Mountains. 

Dr.  Blake  further  states  that  the  valley  between  the  two  ridge» 
of  the  Puebla  Range  has  suffered  much  erosion,  and  that  at  one 
time  it  must  have  been  filled  by  a  vast  glacier  which  flowed  out 
over  the  southern  part  of  the  eastern  range,  and  left  a  moraine 
250  feet  thick,  that  extends  a  mile  and  a  half  into  the  plain  be- 
yond the  base  of  the  mountain. — Proc.  (.^alif,  AcadL  ScLy  v,  210. 

4.  Bulletin  of  the  United  /States  Geological  and  Geographical 
Survey  of  the  Territories.  Department  of  the  Interior.  No.  L 
28  pp.  8vo.  Washington,  1874. — The  Department  of  the  Interior 
has  adopted  the  excellent  plan  of  issuing  in  parts,  called  Bulle- 
tins, special  portions  of  the  coming  Annual  Report  of  the  Geolog- 
ical and  Geographical  Survey  of  the  Territories— the  survey  now 
carried  forward  by  F.  V".  Hayden  as  U.  S.  Geologist  in  charge, 
and  J.  T.  Gardner,  Geographer.  This  first  number  of  the  series, 
after  giving  a  list  of  the  oflicers  of  the  expedition  for  the  past 
year,  and  another  of  former  publications  by  the  Survey,  presents 
a  Report  by  E.  D.  Cope  "  on  the  Stratigraphical  relations  and 
Vertebrate  paleontology  of  the  formations  which  represent  the 
Pliocene  epoch  in  Northeastern  Colorado."  This  Report  enume- 
rates the  species  of  Pliocene  vertebrates  observed  in  Colorado  by 
the  author,  during  the  year  1878,  and  gives  descriptions  of  the 
larger  part  of  them.  They  include  4  Carnivores;  7  Perissodactyls 
(2  species  of  Aphelops,  2  of  Sippotheriutn^  3  of  Protohippus) ; 
7  of  Artiodactyls  (2  of  3ferichyics,  4  of  Procamelus^  1  of  Mery- 
codus) ;  the  Proboscidian,  Mastodon  proavus  Cope  (of  the  type 
of  the  Mastodoji  Americanus);  and  the  Testudinate,  IStyfemysf 
NtobrareiisfS  Leidy.  Next  follow  short  notes  on  other  Tertiary 
Mammals  from  Colorado:  Me?iotherium  lemurinutn  Cope,  sup- 
posed to  be  allied  to  the  Lemurs,  Isacis  caniadus  Cope,  Hoplo- 
phoneus  [Mdchivrodus]  oreodontis  Cope,  Po^hrotherium  HaUii 
Leidy,  P.  Wllsonil  Leidy ;  species  of  tiypisodus^  Flypertraguhis, 
Leptorneryx^  Klotheriuni  and  Symborodon,  Cope  announces  that 
the  Pliocene  camels  of  the  Rooky  Mountain  region  had  a  full  set 
of  upper  incisors. 

We  have  received  the  following  from  Dr.  Hayden  with  regard 
to  Bulletin  No.  2,  which  will  soon  be  issued :  This  number  con- 
tains a  long  article  by  Prof.  Cope  on  the  relation  of  the  Cretaceous 
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and  Tertiary  formations  of  the  West,  as  indioated  by  their  verte- 
brate remains,  and  another  on  new  species  of  fossil  fishes  from  the 
Cretaceous  of  Kansas  and  the  Tertiary  of  Colorado ;  an  article 
by  Profl  Thomas  on  new  species  of  Acrididffi ;  and  a  paper  by 
Mr.  J.  T.  Gardner  on  the  pnncipal  ranges  of  Mountains  surveyed 
by  the  party  last  summer  m  Colorado,  with  the  elevations  and  the 
longitude  and  latitude  of  the  most  prominent  peaks,  varying  from 
13,000  to  14,600  feet  above  sea  level.  The  final  maps  of  the  ex- 
pedition up  Snake  River,  and  in  Montana,  during  the  year  1872, 
are  now  engraved  on  a  scale  of  five  miles  to  one  inch ;  they  will 
be  published  both  as  topographical  and  geological  maps.  Maps 
of  the  Upper  and  Lower  ueyser  Basins,  which  were  carefully  sur- 
veyed, are  engraved  on  a  scale  of  eight  inches  to  one  mile. 

5.  ITie  Abrasions  of  the  Continental  Shores  of  Northwest 
America^  and  the  supposed  Ancient  Sea  Levels ;  by  Gborgb 
Davidson  (Proc.  Calitl  Acad.  Sci.,  May  6,  1873). — Mr.  Davidson 
has  here  brought  together  many  interesting  facts  with  regard  to 
plateaus  or  benches  along  the  Pacific  Coast,  north  of  Cape  San 
Lucas,  and  has  illustrated  the  facts  by  a  large  plate.  The  arti- 
cle does  not  admit  of  condensation,  and  in  this  place  there  is 
room  at  present  only  for  this  simple  mention  of  his  unportant  ob- 
servations. 

6.  Mikrogeologisefie  Studien  Uber  das  kleinste  Leben  der  Meeres- 
TiefgrUnde  oiler  Z^nen  und  dessen  geologischen  Ei^fluss ;  von 
C.  G.  £hbenbbb6.  396  pp.  4to,  with  12  plates  and  a  map.  (Abh. 
K.  Akad.  d.  Wiss.,  Berlin,  1872.) — A  review  of  the  vast  amount  of 
facts  which  the  author  has  published  respecting  the  microscopic 
life  of  sea-bottoms  over  the  world,  together  with  some  additional 
facts  and  plates.  In  connection  with  the  many  tables  showing 
the  distribution  of  the  species,  there  are  references  to  the  memoirs 
in  which  they  were  severally  described. 

7.  Ostracoids  or  Bivalve  £!ntromostraca. — Professor  T.  Rupebt 
Jones  has  published  No.  X.  of  his  papers  on  the  Paleozoic  Ostra- 
coids in  the  number  for  June  of  the  Annals  and  Magazine  of 
Natural  History ;  and  also  an  article  on  some  species,  chiefly 
Cypridiuidse,  of  the  Carboniferous  formations,  in  the  Quarterly 
Journal  of  the  Geological  Society  for  August,  1873. 

8.  Heviie  de  Giologie  pour  les  Annies^  1870  et  1871 ;  par  M. 
Delesse,  Ing6nieur  en  Chef  des  Mines,  and  M.  de  Lapparent, 
Ingenieur  des  Mines.  252  pp.  8vo.  Paris.  1872.  (F.  Savy). — 
A  work  for  all  geologists. 

9.  jReports  on  the  Geological  Survey  of  the  State  of  Missouri^ 
1855-1871.  By  G.  C.  Bboadhead,  F.  B.  Meek,  and  B.  F.  Shu- 
ma  rd.  Published  by  authority  of  the  Legislature  under  the  direc- 
tion of  the  Bureau  of  Geology  and  Mines.  324jpp.  8vo.  Jefferson 
City,  Mo.,  1873. — This  volume  contains  the  Reports  of  geologi- 
cal work  done  in  Missouri,  by  State  authority,  previous  to  the  or- 
ganization of  last  year,  under  Raphael  Pumpelly,  as  geologist  in 
charge.  The  several  chapters  treat  of  the  local  geology  of  the 
State  to  which  they  are  important  contributions.     They  include 
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Reports  of  twenty  comities,  six  by  Mr.  Broadhead,  three  by  Mr. 
Meek,  and  eleven  by  Mr.  Shumard,  some  of  which  are  illustrated 
by  maps  and  sections. 

10.  On  N^ickeli/eroua  Sand  from  Praaer  River ;  by  James 
Blake,  M.D. — This  sand,  which  was  obtained  in  the  gold  wasb- 
inffs  on  Frazer  River,  has  very  much  the  appearance  of  small  par- 
ticles of  iron  pyrites,  being  of  decidedly  a  yellowish  color.  Under 
the  microscope  it  is  found  to  consist  of  two  distinct  substanci.s, 
one  of  which  is  evidently  magnetic  oxide  of  iron,  or  the  common 
black  sand  of  our  gold  deposits ;  the  other  is  of  a  yellow  color,  iu 
the  form  of  small  scales,  without  any  well  marked  crystalline 
structure,  and  with  the  edges  roundea  by  abrasion.  The  whole 
of  the  sand  is  strongly  magnetic,  so  that  with  the  exception  of 
a  few  scales  of  gold,  it  contains  nothing  that  is  not  taken  up  by 
the  magnet  An  analysis  of  the  sand  shows  that  it  consists 
wholly  of  the  oxides  of  nickel  and  iron.  0'9163  grains  of  the  sand 
yielded  0*256  sesquioxide  of  iron,  and  0'6548  oxide  of  nickel,  which 
would  give,  supposing  the  iron  to  be  in  the  state  of  magnetic 
oxide,  0*231  of  oxide  of  iron;  and,  if  we  suppose  an  analogous 
oxide  of  nickel  to  exist,  we  should  have  0*702  of  the  magnetic 
oxide  of  nickel;  thus  making  0*931  instead  of  0*9163  the  quantitv 
used,  the  excess  of  0*016  being  undoubtedly  due  to  the  nickel, 
from  the  difficulty  of  freeing  it  completely  from  the  potash  with 
which  it  is  precipitated. 

Although  I  can  find  no  mention  of  such  a  compound  of  nickel, 
either  in  Watts'  Dictionary  of  Chemistry,  or  in  Dana's  Mineral- 
ogy, yet  I  have  no  doubt  that  the  form  in  which  the  nickel  exists 
in  this  sand  is  an  oxide  with  the  composition  Ni^O*,  analogous  to 
the  magnetic  oxide  of  iron,  Fe^O*,  thus  establishiiiff  another  rela- 
tion between  the  compounds  of  nickel  and  iron.  1  rom  the  large 
proportion  of  it  in  the  sand,  fully  75  per  cent,  it  is  strange  that 
Its  presence  has  not  been  before  noticed. — Proc,  Calif.  Acad.  ScL, 
V,  200. 

1 1.  Kjertdfine. — F.  v.  Kobell  has  given  this  name  to  a  new  lluo- 
phosphate  from  Bamle  in  Norway.  It  is  described  as  compact, 
with  an  imperfect  cleavage  in  two  directions  nearly  at  a  right  an- 
gle. The  fracture  is  uneven  and  splintery ;  luster  oily ;  color  faint 
red  to  yellow,  in  thin  fragments  translucent.  G.=i3*15.  H.=4-5. 
When  heated  phosphoresces  with  a  white  light.  B.B.  fuses  easily 
at  3  with  intumescence  to  a  blebby  enamel.  Soluble  in  hydro- 
chloric acid,  but  with  greater  readiness  in  nitric  acid.  With  sul- 
phuric acid,  hydrofluoric  acid  is  evolved  and  sulphate  of  lime 
separates  from  the  solution.     Analysis  gave 

P  IVTg  Ga  ifiTa         It  Fl  Si        3tl  Fe      i? 

42-22         37-00         7-56         1-56         tr.         4-78        150         540         ^'=  100-02 

Excluding  the  silica  and  alumina  and  the  oxygen  of  the  lime  and 
soda  and  averaging  the  analysis  up  to  100,  von  Kobell  considers 
pure  kjerulfine  to  consist  of  P  46-62,  %  40-86,  Ca  5-96,  Na  1-28,  Fl  5-28, 
from  which  he  calculates  the  formula  to  be  2Mg^  P-l-Oa  H,  in  which 
a  small  portion  of  the  calcium  is  replaced  by  sodium.     This  result 
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very  nearly  approaches  the  composition  of  wagnerite,  but  accord- 
ing to  recent  analyses  of  v.  Kobell  (Sitz.  Mtlnch.  AkacL,  May, 
1370),  the  latter  contains 

P  45-70,  Ag  37  18,  Na  3-97,  Oa  I'Sl,  Fe  11*34, 

which  shows  wagnerite  to  be  richer  in  fluorine  and  soda  than 
Igeralfine. — SUzung  MUnch.  AJead.^  March,  1878. 

12.  2schermakit€y  a  new  /eldtpar. — ^Associated  with  the  kjerol- 
fine  above  mentioned,  von  Kobell  subsequently  found  another 
new  mineral,  a  magnesia-soda  feldspar,  which  he  has  named  Tscher- 
makite.  This  occurs  massive,  with  two  cleavages  at  an  angle  of 
94^.  The  more  perfect  cleavage  has  fine  striations,  resembling 
those  common  in  tricLinic  feldspars.  Luster  highly  vitreous,  af 
most  adamantine ;  color  grayish  white,  translucent  to  semi-trans- 
parent H.  :=6.  6.  :=2*64.  The  mineral  phosphoresces  with  a 
white  li^bt  on  heating.  B.B.  fuses  quietly  at  3  to  a  translucent 
glass.  In  the  closed  tube  gives  off  water.  Not  appreciably  at- 
tacked by  acids,  but  on  bomng  for  a  long  time  with  hydrochloric 
acid  the  solution  reacts  for  alumina  and  magnesia.    Analysis  gave 

&i  21         &g        £ra        &         £[ 

66-67        16-80        8-00        6*80        «r.        2-70=99-87 

from  which,  assuming  the  water  to  be  basic,  v.  Kobell  gives  the 
ratio  of  oxygen  for  ft,  fi,  Si  1 : 1 : 5.  Named  after  O.  Tschermak 
of  Vienna. — /SUzung  MCneh.  Akad.j  Dec.,  1878. 

13.  Sphoeralcea  acerifolia  of  Nuttall,  a  very  conspicuous  Malva- 
ceous  plant  of  the  Rocky  Mountain  region  and  Oregon,  has  been 
found  by  Mr.  K  J.  Hill  on  an  island  in  the  Kankakee  River  (a 
tributary  of  the  Illinois),  in  the  northeastern  part  of  Illinois. 
Unexpected  as  this  discovery  is,  it  is  not  difficult  to  see  how  the 
species  may  have  got  there.  A  good  many  northwestern  plants 
occur  on  the  shore  of  the  southern  end  of  Lake  Michigan,  eviaently 
through  water  transport.  Some  of  these  may  have  come  in  recent 
times,  although  this  could  not  be  inferred  simply  from  the  fact 
that  Uiey  have  not  been  noticed  until  lately.  Here  is  one  which 
probably  came  so  long  ago  as  when  Lake  Michigan  discharged 
mto  the  Mississippi,  the  lower  part  of  the  Kankakee  River  being 
in  the  direct  course  of  the  discharge.  The  present  plants  may 
more  probably  be  regarded,  not  as  chance  stragglers,  but  as  linger- 
ing remnants  indicating  an  ancient  habitat.  a.  g. 

14.  Necrology  of  Botanists, — ^The  list  of  botanists  deceased 
during  the  past  year  is  not  a  long  one ;  indeed,  it  includes  no 
name  of  sufficient  mark  in  the  Old  World  as  to  call  for  notice 
here ;  but  the  loss  in  the  United  States  is  heavy,  unprecedented, 
and  irreparable. 

John  Torrey  died  on  the  10th  of  March,  1873,  in  the  77th  year 
of  his  age.  This  Journal  has  published  a  short  notice  and  a 
iuller  biography  of  Dr.  Torrey ;  the  latter  forming  a  part  of  the 
Council  of  the  American  Academy's  Report,  May,  1873. 

Wittictm  S.  Stdlivantj  of  Columbus,  Ohio,  died  on  the  30th  of 
April  last,  at  the  age  of  70  years.    A  biographical  notice  of  this 
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eminent  moBcologist  was  duly  published  in  this  Journal, — from 
the  same  Keport  to  the  American  Academy  of  Arts  and  Sciences. 

Elias  Durand  died,  at  Philadelphia,  August  14,  1873,  in  the 
80th  year  of  his  age.  A  notice  of  lum  appeared  in  the  September 
number  of  this  Journal ;  and  much  luller  accounts  of  his  life  and 
services  have  been  published  in  Philadelphia. 

John  Lewie  Husselly  of  Salem,  Mass.,  died  on  the  7th  of  June, 
in  the  65th  year  of  his  age.  Although  he  published  little  besides 
some  contributions  to  the  journals,  and  for  several  years  was 
incapacitated  by  illness,  he  was  an  acute  botanist,  especially  in  the 
Cryptogamic  department,  in  which  his  knowledge  of  New  England 
plants  was  critical  and  extensive. 

Henry  James  Clark^  lately  Professor  in  the  State  Agricultural 
College  at  Amherst,  Mass.,  who  died  on  the  first  of  July  last,  at 
the  age  of  47,  deserves  to  be  enrolled  in  the  list  of  botanists. 
Although  his  high  reputation  was  won  in  another  department,  he 
was  an  excellent  botanist  before  he  became  Mr.  Agassiz's  assi8^ 
ant  and  gave  himself  to  zoological  investigation :  the  present 
writer  was  indebted  to  him  for  more  than  one  interesting  discov- 
ery of  points  of  structure.  Prof.  Clark  is  thought  to  have  been 
the  ablest  microscopic  investigator  which  this  country  has  pro- 
duced. 

Isactc  F,  JHoUony  died,  at  Everett,  Mass.,  January  25,  at  the  age 
of  61  years.  He  was  a  graduate  of  Amherst  College  in  the  class 
of  1836,  of  the  Union  Theological  Seminary,  New  York,  and  of 
the  Medical  College  of  the  same  city,  where  he  became  known  to 
and  formed  a  life-long  friendship  with  Dr.  Torrey.  Like  him  he 
pursued  both  chemistry  and  botany;  and  he  taught  both  with 
success,  in  various  schools  and  other  institutions.  He  was  for  a 
few  years  professor  of  the  natural  sciences  in  Middlebury  College, 
Vermont ;  afterward  a  missionary  and  pastor  in  Illinois ;  whence 
he  removed  to  the  vicinity  of  Boston  in  the  year  1865,  and  devoted 
his  time  mainly  to  journalism,  always,  however,  keeping  up  his 
scientific  activity  in  various  fields.  His  most  considerable  publi- 
cation was  a  thick  octavo  volume,  published  by  the  Harpers,  in 
1857,  and  reprinted  in  London,  entitled  "New  Granada:  Twenty 
Months  in  the  Andes ;"  being  principally  a  journal  of  his  visit  to 
and  travels  in  that  country  a  year  or  two  previous.  It  is  writteu 
with  great  spirit,  and  is  replete  with  valuable  information.  lu 
New  Granada,  Mr.  llolton  made  a  fine  botanical  collection  of 
about  1800  species,  the  duplicates  of  which  were  distributed 
among  some  principal  herbaria.  Professor  Helton's  pursuits  and 
tastes  were  too  multifarious,  his  harmless  eccentricities  too  pro- 
nounced, and  his  life  too  unselfish  for  achieving  the  distinction  or 
the  worldly  success  which  he  well  deserved.  His  ambition  mainly 
showed  itself  in  his  zeal  for  helping  others,  and  in  forwarding 
their  interests  without  regard  to  his  own.  a,  g. 

15.  The  Localization  of  the  Functions  in  the  Brain;  by  Prof. 
Ferbier. — All  are  agreed  that  it  is  with  the  brain  that  we  feel, 
and  think  and  will,  but  whether  there  are  certain  parts  of  the  brain 
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devoted  to  particular  manifestations  is  a  subject  on  which  we  have 
only  imperfect  speculations  or  data  too  insuflicient  for  the  forma- 
tion of  a  scientific  opinion.  The  general  view  is  that  the  brain  as 
a  whole  subserves  mental  operations,  and  that  there  are  no  parts 
specially  devoted  to  any  particular  functions.  This  has  been 
recently  expressed  by  so  high  an  authority  as  Professor  S6quard. 
The  idea  rests  chiefly  on  the  numerous  facts  of  disease  with  which 
we  are  acquainted.  There  are  cases  where  extensive  tracts  of  brain 
are  destroyed  by  disease,  or  removed  after  a  fracture,  apparently 
with  no  result  as  regards  the  mind  of  the  individual.  Along  with 
these  facts  we  have  others  which  are  very  curious,  and  which  hardly 
seem  to  agree  with  this  doctrine.  One  of  these  is  that  when  a 
certain  part  of  the  brain  is  diseased,  in  Aphasia,  the  individual  is 
unable  to  express  himself  in  words.  Other  curious  phenomena 
have  been  well  described  by  Dr.  Hughlings  Jackson,  viz :  that 
certain  tumors  or  pathological  lesions  iu  particular  parts  of  tbe 
brain  give  rise,  by  the  irritation  which  they  keep  up,  to  epilepti- 
form convulsions  of  the  whole  of  one  side,  or  of  the  arm  or  leg  or 
the  muscles  of  the  face ;  and  from  studying  the  way  in  which  these 
convulsions  show  themselves  he  was  able  to  localise  very  accurately, 
the  seat  of  the  lesion. 

The  great  difliculty  in  the  study  of  the  function  of  the  brain  has 
been  in  the  want  of  a  proper  method.  When  we  study  the  func- 
tion of  a  nerve,  we  make  our  experiments  in  two  ways.  In  the 
tirst  place,  we  irritate  the  nerve  by  scratching  or  by  electricity,  or 
by  chemical  action,  and  observe  the  effect ;  and  in  the  second 
place,  we  cut  the  nerve,  and  observe  what  is  lost.  In  regard  to 
the  brain  and  nervous  system,  the  method  has  been  almost  entirely, 
until  recently,  the  method  of  section.  It  has  been  stated  by  phy- 
siologists, that  it  is  impossible  to  excite  the  brain  into  action  by 
any  stimulus  that  may  be  applied  to  it,  even  that  of  an  electric 
current ;  they  have,  therefore,  adopted  the  method  of  destroying 
parts  of  the  brain.  This  method  is  liable  to  many  fallacies.  The 
Drain  is  such  a  complex  organ  that  to  destroy  one  part  is  necessa- 
rily to  destroy  many  other  parts,  and  the  phenomena  are  so  com- 
plex that  one  cannot  attribute  their  loss  to  the  failure  only  of  the 
parts  which  the  physiologists  have  attempted  to  destroy. 

About  three  years  ago,  two  German  physiologists,  Fritsch  and 
Hitzig,  by  passing  galvanic  currents  through  parts  of  the  brains 
of  dogs,  obtained  various  movements  of  the  limbs,  such  as  adduc- 
tion, flexion,  and  extension.  They  thus  discovered  an  important 
method  of  research,  but  they  did  not  pursue  their  experiments  to 
the  extent  that  they  might  have  done,  and  perhaps  did  not  exactly 
appreciate  the  significance  of  the  facts  at  wnich  they  had  arrived. 

I  was  led  to  the  experiments  which  I  shall  have  to  explain  by 
the  effects  of  epilepsy  and  of  chorea,  which  have  been  explained 
to  depend  upon  irritation  of  parts  of  the  brain.  I  endeavored  to 
imitate  the  effects  of  disease  on  the  lower  animals,  and  determined 
to  adopt  the  plan  of  stimulating  the  parts  of  the  brain  by  electri- 
city, after  the  manner  described  by  t  ritsch  and  Ilitzig. 
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I  operated  on  nearly  a  hundred  animals  of  all  classes — fish,  frogs, 
fowls,  pigeons,  rats,  guinea  pigs,  rabbits,  cats,  dogs,  jackals,  and 
monkeys.  The  plan  was  to  remove  the  skull,  and  keep  the  animal 
in  a  state  of  comparative  insensibility  by  chloroform.  So  little 
was  the  operation  felt  that  I  have  known  a  monkey,  with  one  side 
of  the  skiul  removed,  awake  out  of  the  state  induced  by  the  chlo- 
roform, and  proceed  to  catch  fleas  or  eat  bread  and  butter.  When 
the  animal  was  exhausted  I  sometimes  gave  it  a  little  refreshment, 
which  it  took  in  the  midst  of  the  experiments. 

First,  as  to  the  experiments  on  cats,  I  found  that  on  applying 
the  electrode  to  a  portion  of  the  superior  external  convolution  the 
animal  lifted  its  shoulder  and  paw  (on  the  opposite  side  to  that 
stimulated)  as  if  about  to  walk  forward;  stimulating  other  parts 
of  the  same  convolution,  it  brought  the  paw  suddenly  back,  or  put 
out  its  foot  as  if  to  grasp  something,  or  Drought  forward  its  hmd 
leg  as  if  about  to  walk,  or  held  back  its  head  as  if  astonished,  or 
turned  it  on  one  side  as  if  looking  at  something,  according  to  the 
particular  part  stimulated.  The  actions  produced  by  stimulating 
the  various  parts  of  the  middle  external  convolution  were  a  draw- 
ing up  of  the  side  of  the  face,  a  backward  movement  of  the  whis- 
kers, a  turning  of  the  head,  and  a  contraction  of  the  pupil  respec- 
tively. A  similar  treatment  of  the  lower  external  convolution  pro- 
duced certain  movements  of  the  angles  of  the  mouth ;  the  animal 
opened  the  mouth  widely,  moved  its  tongue,  and  uttered  loud  cries 
or  mewed  in  a  lively  way,  sometimes  starting  up  and  lashing  its 
tail  as  if  in  a  furious  rage.  The  stimulation  of  one  part  of  this 
convolution  caused  the  animal  to  screw  up  its  nostiils  on  the  same 
side  ;  and,  curiously  enough,  it  is  that  part  which  gives  oft'  a  nerve 
to  the  nostril  of  the  same  side. 

Results  much  of  the  same  character  were  produced  bv  the  stim- 
ulation of  the  corresponding  or  homologous  parts  of  tlie  rat,  tlie 
rabbit,  and  the  monkey.  Acting  upon  the  anterior  part  of  the 
ascending  frontal  convolution,  the  monkey  was  made  to  put  tor- 
ward  its  hand  as  if  about  to  grasp.  Stimulation  of  other  portions 
acted  upon  the  biceps,  and  produced  a  flexing  of  the  fore-ann,  or 
upon  the  zygomatic  muscles.  The  part  that  appeared  to  be  con- 
nected with  the  opening  of  the  mouth  and  the  movement  of  the 
tongue  was  homologous  with  the  part  affected  in  man  in  cases  of 
A|)ha8ia.  Stimulation  of  the  middle  temporo-sphenoidal  convolu- 
tion produced  no  results ;  but  the  lower  temporo-sphenoidal,  when 
acted  upon,  caused  the  monkey  to  shut  its  nostrils.  No  result  was 
obtained  in  connection  with  the  occipital  lobes. 

These  experiments  have  an  important  bearing  upon  the  diagno- 
sis in  certain  kinds  of  cerebral  disease,  and  the  exact  localization 
of  the  parts  affected.  I  was  able  to  produce  epileptic  convulsions 
of  all  kinds  in  the  animals  experimented  upon,  as  well  as  phenom- 
ena resembling  those  of  chorea  or  St.  Vitus's  dance.  The  experi- 
ments are  also  important  anatomically,  as  indicating  points  of  great 
sii^nificance  in  reference  to  the  homology  of  the  brain  in  lower 
animals  and  in  man,  and  likewise  served  to  explain  some  curious 
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forms  of  expreaMoa  comMoom  to  ■an  and  the  lower  amniSLK  Tbe 
common  tcndencr,  when  mnx  ^ir^oag  exerciou  is  mjide  with  the 
right  hjmd,  to  refrart  the  mn^ie  of  the  month  m;id  open  the  moath 
on  the  same  side,  had  been  stated  hx  Oken,  in  bi>  Xatorgesehichte^ 
to  be  dne  to  the  homok^y  betweeu  the  iq]^r  iimbs  and  the  npper 
jaw ;  the  trtie  explanation  beii^  that  the  movements  of  the  fi$t  and 
of  the  month  axe  in  such  cloee  relation  to  each  other  that  when  one 
is  made  to  act  powerfnlly  the  im|»eaaon  diflnses  itself  to  the 
neighboring  part  of  the  biain  and  the  two  act  together. 

The  experiments  have  likewise  a  physiological  siiniifioance* 
There  Is  reason  to  believe  that  when  the  different  parts  o?  the  brain 
are  stimulated,  ideas  are  excited  in  the  animals  experimented 
upon,  but  it  is  difficult  to  say  what  the  ideas  are.  There  is,  no 
doubt,  a  close  relation  between  certain  muscular  movements  and 
certain  ideas  which  may  prove  capable  of  explanation.  This  is 
supported  bv  the  phenomena  of  epileptic  insanity.  Tlie  most  im- 
portant guide  on  the  psychological  aspect  of  the  question  is  the 
disease  known  as  Aphasia.  The  part  of  the  brain  which  is  the  seat 
of  the  memory  of  words  is  that  which  governs  the  movements  of 
the  mouth  and  the  tongue.  In  Aphasia  the  disease  is  generally  on 
the  left  side  of  the  brain,  in  the  posterior  part  of  the  inferior  fmntal 
convolution,  and  it  is  generally  associated  with  paralysis  of  the 
right  hand,  and  the  reason  might  be  supposed  to  l>e  tliat  the  part 
of  the  brain  afi^ted  is  nearly  related  to  the  part  governing  the 
movements  of  the  right  hand. 

It  is  essential  to  remember  that  the  movements  of  the  mouth  are 
governed  bi-laterally  from  each  hemisphere.  The  brain  is  sym- 
metrical, and  I  hold  it  to  be  a  mistake  to  suppose  that  the  fiiculty 
of  speech  is  localized  on  the  left  side  of  the  brain.  The  reason 
why  an  individual  loses  his  speech  when  the  left  side  of  the  bniin 
is  diseased  is  simply  this.  Most  persons  are  right-handed,  and 
therefore  left-brained,  the  left  side  of  the  brain  govenung  the  right 
side  of  the  body.  Men  naturally  seize  a  thing  with  the  right  hand; 
they  naturally  therefore  use  ratlier  the  left  side  of  the  brain  than 
the  right,  and  when  there  is  disease,  there  the  individual  feels  like 
one  who  has  suddenly  lost  the  use  of  his  right  arra. 

I  may,  finally,  briefly  allude  to  the  results  of  stimulating  the 
different  ganglia.  Stimulation  of  the  corpora  striata  causes  the 
limbs  to  be  flexed ;  the  optic  thalami  produces  no  result ;  the  cor- 
pora quadrigemina  produce,  when  the  anterior  tubercles  are  acted 
lipon,  an  intense  dilatation  of  the  pupil,  and  a  tendency  to  draw 
back  the  head  and  extend  the  limbs  as  in  opisthotonos;  while  the 
stimulation  of  the  posterior  tubercles  leads  to  the  production  of  all 
kinds  of  noises.  By  stimulating  the  cerebellum  various  movements 
of  the  eye  balls  are  produced. 

In  the  discussion  which  ensued,  Dr.  Geo.  Harley  alluded  to  the 
effect  of  mental  emotion  on  the  bodily  functions,  and  the  possibility 
of  producing  disease  by  simply  acting  on  the  nervous  system. 
Referring  to  phrenology,  he  said  it  was  one  thing  to  localize  func- 
tion in  the  interior  of  the  brain,  and  quite  another  to  specify  func- 
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tioDs  by  manipulating  the  external  cranium ;  and  he  quoted  a  say- 
ing of  Flourens  with  reference  to  phrenology :  **  Les  hommes  qui 
la  pratiquent  sont  des  charlatans,  et  les  hommes  qui  la  croient  sent 
des  imbeciles." 

Dr.  Carpenter  remarked  that  the  ^reat  work  of  the  brain  is  done 
in  the  cortical  substance,  and  in  Dr.  Ferrier's  experiments,  the  first 
effect  of  the  stimulus  is  upon  that  particular  substance,  producing 
an  intensification  of  the  circulation  through  it ;  being  in  that  re- 
spect different  from  the  ordinary  stimulation  of  a  nerve  which  acts 
upon  the  fibrous  substance  of  the  medullary  matter  of  the  brain. 
He  had  long  since  expressed  his  disbelief  in  phrenology,  which 
maintained  that  the  animal  functions  were  placed  at  the  back  of 
the  head,  and  the  intellectual  at  the  front  Dr.  Ferrier's  experi- 
ments tended  to  show  that  the  real  seat  of  the  intellectual  functions 
was  in  the  posterior  part  of  the  brain. 

Dr.  Brunton,  however,  alluded  to  the  faculty  of  will  and  of  self- 
restraint  as  distinguishing  man  from  the  lower  animals,  and  said 
that  this  was  probably  situated  in  the  anterior  part  of  the  brain. 
It  was  noticeable  that  criminals,  who  were  deficient  in  that  faculty, 
possessed  only  a  small  portion  of  brain  in  front  of  the  head. 

Prof.  Burdon  Sanderson  said  that  the  stimulus  in  Dr.  Ferrier's 
experiments  was,  contrary  to  Dr.  Carpenter's  supposition,  exactly 
like  the  ordinary  excitation  of  a  nerve,  and  that  the  effect  was  pro- 
duced in  an  extremely  short  space  of  time. — Bep.  Brit,  Aaaoc.^ 

1873,  Nattfre,  Oct.  2. 

ni.   Astronomy. 

1.  Discovery  of  a  new  Planet ;  by  C.  H.  F.  Peters.  From  a 
communication  to  one  of  the  editors,  dated  Litchfield  Observatory 
of  Hamilton  College,  Clinton,  N.  Y.,  Feb.  19,  1873. — I  take  pleas- 
ure in  communicating  the  discovery  last  night  of  a  small  planet, 
not  among  the  known  ones,  as  it  seems.  I  succeeded  in  getting  a 
full  set  of  ring-micrometer  comparisons,  but,  the  sky  between  3 
and  4  o'clock  clouding  up,  I  could  not  accomplish  the  determina- 
tion of  the  compjirison  star  except  approximately.  The  follow- 
ing place  of  the  planet  is  near  within  a  minute : 

1874,  Feb.  18,  14  30  m.  t.     rt'(135)  =  ll  fo  43;  (J (1 36)  =-}- 4**  25'. 

Its  motion  seems  not  much  inclined  to  the  parallel.  The  mag^ 
nitude  I  estimated  at  about  11*2. 

2.  Astronomical  Society  of  London, — The  Gold  Medal  of  this 
Society  has  been  awarded  by  its  Council  to  Prof.  Simox  Nkw- 
COMB,  for  his  tables  of  Neptune  and  Uranus  and  his  other  mathe- 
matical works. 

3.  Academy  of  Sciences  at  Paris. — In  the  section  of  Astronomy^ 
of  the  French  Academy,  Dr.  Huggins  has  been  elected  to  replace 
M.  Petit,  and  Mr.  Newcomb,  to  replace  M.  Valz. 
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IV.    Miscellaneous  Scientific  Intelligence. 

1.  Direction  of  Frost-atriations  in  Mud;  Rev.  F.  R.  Goulding. 
(Extracts  from  a  communication  dated  Roswell,  Cobb  Co., 
Greorgia.) — I  ask  the  privilege  of  calling  attention  to  a  natural 
phenomenon  which  has  long  enlisted  my  interest  and  that  of  a 
few  others,  but  which  remains,  so  far  as  known,  without  explana- 
tion. It  is  that  of  slight  but  plainly  marked  striations  of  the 
soil  after  a  freezing,  looking  as  if  a  very  light  harrow  had  been 
drawn  over  it  from  northwest  to  southeast,  leaving  irregular  fur- 
rows, varying  from  half  an  inch  to  an  inch  and  a  half,  in  depth, 
and  from  center  to  center. 

My  attention  was  first  drawn  to  it  in  1854,  in  upper  Georgia,  dur- 
ing and  after  the  thawing  of  an  extensive  and  severe  "black  frost." 

After  residing  for  ten  years  in  a  region  where  there  were  no 
black  frosts^  and  of  course  no  striations,  I  returned  to  the  moun- 
tains of  Georgia,  and  was  soon  reminded  of  former  observations, 
by  seeing  the  soil  of  my  garden  very  deeply  marked,  the  same 
way  as  before,  during,  or  rather  toward  the  close  of  a  hard  freez- 
ing. This  place  is  about  forty  miles  distant  from  the  other,  and 
the  soil  wholly  different,  that  being  limestone  and  this  granite. 
These  strise  invariably  run  from  northwest  to  southeast,  and  this 
is  so  in  shaded  as  in  sunny  places,  and  whether  the  wind  at  the 
time  blew,  or  whether  the  air  was  still.  They  begin  to  appear 
before  the  frozen  surface  has  thawed.  Further,  the  direction  is 
at  right  angles  to  the  stratification  of  the  country,  the  outcrop- 
pings  of  the  rocks  being  here  in  a  line  from  northeast  to  south- 
west. If  this  coincidence  be  connected  with  the  cause  of  the 
striations,  it  is  in  some  way  beyond  the  ken  of  us  the  observers. 
The  writer  would  be  glad  to  receive  any  facts  that  will  prove 
whether  any  uniformity  of  direction  is  observable  elsewhere,  and 
that  will,  it  so,  lead  to  its  explanation. 

2.  The  New  Chemistry ;  oy  Josiah  P.  Cooke,  Jr.  326  pp. 
12mo.  New  York.  The  IrUemational  Scientific  Series.  (D.  Apple- 
ton  and  Company). — Prof.  Cooke,  in  this  volume,  presents  his 
readers  with  a  lucid  and  logical  discussion  of  the  principles  of 
Chemical  Philosophy  in  a  senes  of  thirteen  lectures :  1.  Molecules 
and  Avogadro's  law;  2.  The  molecular  condition  of  the  three 
states  of  matter — the  gas,  the  liquid,  and  the  solid ;  3.  How  mole- 
cules are  weighed ;  4.  Chemical  composition — analysis  and  syn- 
thesis— the  atomic  theory ;  5.  Elementary  substances  and  com- 
bining proportions ;  6.  Atomic  weights  and  chemical  symbols ; 
7.  Chemical  reactions ;  8.  Chemical  changes  classified ;  9.  The 
theory  of  combustion ;  10.  Gunpowder  and  Nitro-glycerine ;  11. 
Quanti valence  and  metathesis— alkalies  and  acids;  12.  Electro- 
chemical theory  ;  13.  Isomerism,  and  synthesis  of  organic  com- 
pounds. These  lectures  were  delivered  before  the  LoweU  Institute, 
m  Boston,  in  the  autumn  of  1872,  and  the  author,  in  presenting 
his  subject  in  this  volume,  has  preserved  the  lecture  style,  so  well 
adapted  to  convey  clearly  to  tne  non-professional,  but  intelligent, 
auditor,  clear  notions  of  abstract  ideas.    Prof.  Cooke's  style  is 
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always  attractive  from  its  clearness,  precision  and  polish,  and  any 
cultivated  person,  whether  previously  acquainted  with  chemistry 
or  not,  can  read  this  discussion  of  chemical  philosophy  with  both 
pleasure  and  profit.  It  is  needless  to  add  that  the  subject  is  dis- 
cussed as  its  title  demands,  in  the  terms  of  the  new  chemistry. 

3.  Anmial  Report  upon  the  Geographical  and  Geological  Sur- 
veys and  Explorations  west  of  the  lOO^/t  Meridian^  in  Nevada, 
iftah^  Colorado^  New  Mexico  and  Arizona;  by  Gborge  il. 
AVhkeler,  First  Lieut,  of  Engineers,  U.  S.  A.  Being  Appendix 
EE  of  the  Annual  Report  of  the  Chief  of  Engineers  for  1873. 
12  pp.  8vo,  with  a  Map. — From  this  brief  report  of  Lieut.  Wheeler 
we  learn  that,  while  the  work  in  the  field  will  be  continued,  it  is 
proposed  that  arrangements  should  go  into  effect  at  once  for  the 
publication  of  the  results  thus  far  obtained.  The  results  are  of 
great  value,  and  the  publication  of  them  will  take  six  quarto  vol- 
umes, and  a  folio  atlas  1 9  inches  by  24.  VoL  1  will  be  occupied 
with  a  general  account  of  the  expeditions  of  1871  and  1872, 
describing  the  regions  traversed,  its  industries,  the  native  tribes. 
T!\{i.'  second  will  be  geographical;  the  thirds  meteorological;  the 
fourth,  geological,  it  consisting  of  the  finished  report  of  the  geo- 
logical work  for  the  same  years,  and  occupying  about  226  pages; 
X\\Q  fifth  paleontological,  to  be  illustrated  by  numerous  plates  of 
new  Vertebrate  and  Invertebrate  fossils  from  the  Rocky  mountain 
region,  obtained  in  the  years  1871,  1872  and  1873 ;  the  sixth  Nat- 
ural History.  The  Geological  volume,  vol.  4,  will  contain  report^ 
from  Messrs.  Gilbert,  Marvine  and  liowelL 

4.  The  Cincinnati  Quarterly  Journal  of  Science.  Editor  and 
Proprietor,  S.  A.  Miller.  Vol.  I,  No.  1,  January,  1874.  96  pp.  8vo. 
Cincinnati,  Ohio.  ($3.00  per  year.) — This  first  number  opens  well 
the  new  Cincinnati  Quarterly  Journal  of  Science.  Th6  region 
from  which  it  is  issued  is  one  of  unusual  intei-est  for  its  geology, 
paleontology  and  natural  history,  and  is  a  great  commercial  and 
educational  center  for  the  land,  and  the  Journal  should  hence  be 
successful.  In  paleontology,  the  author  occupies  several  pages 
of  the  number  with  short  critical  articles;  there  is  also  a  paper 
on  New  Brachiopods  by  U.  P.  James,  and  a  translation  is  given 
of  observations  on  Fossil  Sponges  in  Rgemer's  work  on  the  Silurian 
Fauna  of  West  Tennessee,  besides  a  reproduction  of  H.  B.  HalPs 
Memoir  on  Fossil  Sponges  from  the  London  Geological  Magazine. 
There  are  also  other  important  papers,  most  of  them  cited,  which 
have  a  more  popular  character.  The  Journal  is  well  printed,  and 
has  our  best  wishes  for  its  permanence  and  wide  circulation. 

5.  Half  Hour  Recreations  in  Natural  Historf/  ;  Half  Hours  with 
Insects, — Part  V.  Insects  of  the  Garden^  their  habits,  etc. ;  by 
A.  S.  PAcKAra),  Jr.  ',V2  pp.  8vo.  Boston  (Estes  &  Laureat).— 
Professor  Packard  is  one  of  the  best  of  American  writers  on  in- 
sects, and  has  produced  here  a  chapter  that  all  will  read  with  in- 
terest.    It  is  the  first  of  twelve  parts  on  the  Insects  of  Gardens. 

The  Stone  Ac^e,  Past  and  Piesent,  by  E.  B.  Taylor,  and  'Dieorv 
of  a  Nervous  Ether,  by  Dr.  Richardson,  make  No.  9  of  Estes  i 
Laureat's  "  Half  Hour  Recreations  in  Popular  Science." 
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Art.  "KXYIIL— Notice  of  New  Equine  Mammals  from  the 
Tertiary  Formation  ;  by  0.  C.  Mabsh. 

The  exploratioaa  of  the  Yale  College  party  in  the  Tertiary 
deposits  of  the  West,  during  the  past  season,  brought  to  light 
many  equine  remains ;  some  of  wnich  prove  to  be  new,  and 
others  tnrow  considerable  light  on  the  forms  already  made 
known  by  previous  investigations.  In  the  present  communi- 
cation some  of  the  more  important  results  obtained  are  briefly 
presented,  those  relating  to  the  genealogy  of  the  modem  horse 
oeing  of  special  interest 

Orohippus  Marsh. 

This  Journal,  iv,  p.  207 ;  V,  p.  407. 

The  equine  mammals  of  the  American  Eocene  are  at  present 

represented  by  three  species  of  the  genus  OrohippuSj  the  main 

characters  of  which  have  already  been  pointed   out  by  the 

writer.     Additional  material  clears  up  several  doubtful  points 

in  its  structure.     This  genus  is  nearly  related  to  Anchiiherium, 

but  differs  especially  in  having  four  functional  digits  in  the 

manus,  and  in  the  absence  of  an  antorbital  fossa.     The  orbit  is 

not  enclosed  behind.     The  dentition  is  very  similar  to  that  of 

Anchiiherium,  but  the  first  upper  premolar  is  proportionally 

larger,  and  the  succeeding  premolars  are  smaller.     The  median 

posterior  tubercle  of  the  molars  is  wanting.     The  first  lower 

premolar  was  small,  and  the  rest  of  the  lower  molar  series 

closely  resemble  those  in  Anchitherium,    There  is  long  distema. 

The  canine  is  large,  and  near  the  incisors.     The  crowns  of  the 

grinders  are  very  short,   and   without  cement      The   dental 

formula  is  as  follows : 

X     .         3  .        1  ,4,3 

Incisors  ■-,  canines  -,  premolars  -,  molars  -. 

The  skeleton  of  Orohippus^  in  its  general  features,  is  decidedly 
equine,  and  this  is  particularly  manifest  in  the  limbs.  The 
scapula  has  a  prominent  acromial  process,  which  is  compressed 
ana  decurved,  as  in  some  of  the  carnivores.  The  humerus  is 
short  and  stout     Its  head  is  large,  and  the  bicipital  groove 

AM.  JoLR.  S€L— Thirt>  Asribs,  Vol.  VII,  No.  89.-  March,  1874. 
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narrow  and  deep.  The  great  tuberosity  is  elevated,  and  com- 
pressed. The  distal  end  of  the  humerus  is  small.  The 
radius  and  ulna  are  distinct.  The  latter  is  larger  than  in 
Anchitherium,  and  entire  throughout  its  whole  length.  The 
carpal  bones  are  eight  in  number,  and  somewhat  similar  to 
those  of  the  Tapir,  although  the  trapezium  is  proportionally 
much  smaller. 

All  the  digits  of  the  manus,  except  the  first,  are  well  devel- 
oped, as  shown  in  the  accompauying  figure  of  the  left  fore- 
foot of  Orohippus  affHis  Marsh.  The  third  digit 
is  the  largest,  and  its  close  resemblance  to  that  of 
the  horse  is  clearly  marked.  The  terminal  pha- 
lanx, or  coffin  bone,  has  a  shallow  median  groove 
in  front,  as  in  nianv  species  of  this  group  in  the 
later  Tertiary,  'rtie  fourth  digit  exceeds  the 
second  in  size,  and  the  fifth  is  much  the  shortest 
of  all  Its  metacarpal  bone  is  considerably 
curved  outward.  In  the  pes  of  this  genus,  there 
are  but  three  digits.  The  fourth  metatarsal  is 
much  larger  than  the  second.  The  astragalus  has 
its  neck  more  elongated  than  in  Anchitherium^ 
and  the  face  for  the  cuboid  is  small.  The  tibia  and  fibula  are 
distinct.  The  cervical  vertebrae  of  Orohippus  are  rather  short, 
and  moderately  opisthocoelous. 

Orohippus  major^  sp.  nov. 

The  largest  species  of  this  genus  is  indicated  by  part  of  an 
upper  jaw  with  three  molars,  and  the  greater  portion  of  a  lower 
jaw  with  teeth  pertaining  to  another  individual  In  the  former 
specimen,  the  intermediate  lobes  of  the  molars  are  less  devel- 
oped than  in  the  species  already  described,  while  the  antero- 
posterior buttress  is  more  elevated.  The  lower  jaw  is  stout, 
and  there  is  a  strong  basal  ridge  on  the  outer  face  of  the  lower 
molars. 

MeaawrerMinU, 

Space  occupied  by  three  upper  true  molars, 24"'°'- 

Antero-posterior  diameter  of  last  upper  molar, 8*5 

Transverse  diameter, 10- 

Antero  posterior  diameter  of  penultimate  upper  molar, ^'b 

Transverse  diameter, 11- 

Extent  of  four  posterior  teeth  of  lower  jaw, 33*5 

Antero-posterior  diameter  of  last  lower  molar, 10-5 

Transverse  diameter, 5* 

Antero-posterior  diameter  of  last  lower  premolar, 7*5 

Depth  of  jaw  below  middle  of  this  tooth, 14* 

This  species  was  about  as  large  as  a  fox.     The  remains  of  it 
at  present  known  are  from  the  Eocene  of  Wyoming. 
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The  animals  of  this  genus  constitute  a  distinct  family  that 
may  be  called  Orohippiace,  The  other  known  species  are  as 
follows : 

Orohippiis  gracilis  Marsh. 

(AnchUherium  gracUe  Marsh;)  this  Journal,  ii,  p.  38,  1871. 

Orohippus  pumilus  Marsh. 

This  Journal,  iv,  p.  207,  1872.    (?  Hehtherium  proqfofdnium  Ck>pe^  Proa  Am.  Phil. 
Soa,  zii,  p.  466,  Feb.,  1873.) 

Orohippus  agUis  Marsh. 
This  Journal,  v,  p.  407,  1873. 

All  the  animals  of  this  genus  now  known  were  QJiite  dimin- 
utive, the  largest  hardly  exceeding  a  fox  in  size.  They  are  all 
from  the  Eocene  of  Wyoming  and  Utah. 

Miohippus  annectens^  gen.  et  sp.  nov. 

The  present  genus  represents  an  intermediate  form  between 
Orohippus  and  Anchitlierium,  It  diflfers  from  the  former  in 
having  but  three  digits  in  the  man  us,  and  from  the  latter  in  the 
absence  of  an  antorbital  fossa,  and  in  the  more  complete  sepa- 
ration of  the  intermediate  lobes  of  the  upper  molars.  Its 
dental  formula  is  apparently  the  same  as  Orohippus.  The 
incisor  teeth  are  small,  and  the  canines  large,  those  below  being 
close  to  the  incisors.  The  first  upper  premolar  is  of  moderate 
size,  and  the  second  larger  than  the  last  true  molar.  In  the 
upper  molars,  the  basal  ridge  rises  into  a  tubercle  near  the 
middle  of  the  anterior  border.  The  premaxillaries  are  slender. 
The  radius  and  ulna  are  free,  or  only  loosely  united,  but  the 
fibula  is  fused  to  the  tibia  at  its  distal  end.  The  second  and 
third  cuneiform  bones  are  distinct.  There  are  three  digits  in 
the  manus,  and  three  in  the  pes,  all  of  which  reached  the 
ground.  They  appear  to  have  been  more  nearly  of  equal  size 
than  in  Anchitherium. 

In  the  present  species  the  orbit  is  large,  and  its  anterior  mar- 
gin is  directly  above  the  front  of  the  last  upper  molar.  The 
first  upper  premolar  had  two  i'angs.  The  enamel  of  all  the 
teeth  preserved  is  quite  smooth.  The  upper  premolars  and 
mast  of  the  molars  have  a  prominent  compressed  tubercle  be- 
tween the  inner  cusps,  but  no  inner  basal  ridge.  This  species 
differs  widely  from  any  hitherto  described,  with  the  possible 
exception  o^  Anchitho'ium  Omdoni  Leidy.*  The  latter  species 
was  founded  on  an  imperfect  u])per  molar  tooth,  which  proba- 
bly belongs  to  the  genus  Miohipjms  The  enamel  of  this  molar 
is  quite  rugose,  the  small  cusp  behind  the  posterior  crest  is 

Earallel  with  the  posterior  basal  ridge,  and  the  inner  tubercle 
etween  the  transverse  crests  is  entirely  wanting.     This  tooth 

♦  Pnxj.  Acad.  Nat  ScL  PhUudelphia,  1870,  p.  112. 
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is  also  proportionally  broader  than  the  corresponding  teeth  of 
the  present  species,  and  hence  the  two  must  be  regarded  as 
distinct 

Mdomiremenit, 

Space  occupied  by  four  upper  premolars, 61*  """ 

Extent  of  three  upper  true  molars, 46* 

Antero-posterior  diameter  of  first  upper  premolar, 13*5 

Antero-postenor  diameter  of  secona  upper  premolar, 19* 

Transverse  diameter, 18* 

Antero-posterior  diameter  of  last  upper  molar, 14* 

Transverse  diameter, 19*5 

Length  of  calcaneum, 68* 

Length  of  astragalus, 32* 

Antero-posterior  diameter  of  tibia  at  distal  end, 26* 

Transverse  diameter, 33* 

All  the  known  remains  of  this  species  are  from  the  Miocene 
of  Oregon.  They  indicate  an  animal  somewhat  exceeding  a 
sheep  in  size,  and  with  longer  limbs. 

Anchitherium  ancepe^  sp.  nov. 

The  Miocene  deposits  of  Oregon  contain  another  species  of 
solipeds,  smaller  than  the  one  just  described,  and  apparently 
belonging  to  the  genus  Anchitherium^  The  skull  has  a  large 
antorbital  fossa,  and  the  molar  teeth  agree  essentially  with 
those  of  that  genus.  The  limbs,  so  far  as  known,  were  also 
similar.  The  first  upper  premolar  has  two  fangs,  and  is  well 
developed.  The  infra-orbital  foramen  is  above  the  center  of 
the  third  premolar.  The  present  species  most  nearly  resembles 
Anchitherium  Bairdiheidy,  from  the  Miocene  east  of  the  Rocky 
Mountains.  It  differs,  however,  aside  from  the  larger  sizej  in 
the  following  particulars :  the  skull  is  depressed  between  the 
orbits ;  the  molar  teeth  extend  farther  back  below  the  orbit ; 
the  external  cusps  of  the  upper  molars  have  their  buttresses 
much  stouter,  and  the  concavities  between  them  divided  by 
more  prominent  vertical  ridges. 

MeasuremerUa. 

Space  occupied  by  four  upper  premolars, 47*5"'"* 

Antero-posterior  diameter  of  first  upper  premolar, 9* 

Antero-posterior  diameter  of  second  upper  premolar, 13* 

Transverse  diameter, 13* 

Antero-posterior  of  last  upper  premolar, 13* 

Transverse  diameter, 15*5 

Antero-posterior  diameter  of  last  lower  molar, 17* 

Transverse  diameter, 8* 

Extent  of  upper  molar  series  (second  specimen), 82* 

Extent  of  three  upper  true  molars, 87* 

The  remains  of  this  species  indicate  an  animal  about  as  large 
as  a  sheep.     The  specimens  on  which  the  above  description  is 
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mainly  based,  were  presented  to  Yale  College  Museum  by  the 
Rev.  Thomas  Condon,  of  Oregon. 

Avchitherium  celeVy  sp.  nov. 

The  smallest  species  of  Anchitherium  from  the  American 
Tertiary  is  indicated  by  some  fragmentary  remains  in  the  Yale 
Museum,  from  the  Miocene  of  Neoraska.  These  fossils  pertain 
to  a  fully  adult  animal,  which  was  about  two-thirds  the  size  of 
Anchitherium  Bairdi.  The  orbit  is  placed  well  forward.  The 
ridge  below  it  is  especially  prominent,  and  much  elevated 
above  the  molar  teetn.  The  crowns  of  the  latter  are  remark- 
ably short  The  four  posterior  molars  have  their  inner  margins 
on  a  line.     The  last  upper  molar  is  quite  smalL 

MeankremmUa. 

Space  occupied  by  last  four  upper  molars, 37*  *"™' 

Extent  of  three  upper  true  molars, 27* 

Antero-posterior  diameter  of  last  upper  premolar, 10* 

Transverse  diameter, ^ 13* 

Antero-posterior  diameter  of  last  upper  molar, 8*6 

Transverse  diameter, 12; 

Distance  of  lower  margin  of  orbit  above  last  upper  molar,  20' 

The  type  specimen  of  the  species  was  presented  to  Yale 
College  Museum  by  Capt  W.  A.  Jones,  of  the  U.  S.  Engineers. 

Protohippua  parvuhia  Marsh. 
{Equu8  pcurvtdus  Marsh,  this  Journal,  zlvi.  p.  374,  1868.) 

A  reexamination  of  the  remains  of  this  species  originally 
described,  and  of  the  other  fossils  found  with  them,  clearly  indi- 
cates, as  at  first  suspected,  that  this  diminutive  animal  was  not 
a  true  Equus^  and  there  can  now  be  but  little  doubt  that  it 
belongs  in  the  genus  Protohippus  of  Leidy,  as  at  present  under- 
stood. With  the  limb  bones  preserved,  an  upper  molar  tooth 
was  found,  which  doubtless  pertained  to  the  same  animal,  al- 
though it  is  rather  larger  in  proportion  than  the  teeth  of  some 
allied  speciea  The  crown  of  this  tooth  is  very  short,  and  the 
arrangement  of  the  enamel  particularly  simple.  The  inner 
lakes  have  no  folds,  and  agree  in  form  with  those  of  Ptoiohip' 
pus  {Merychippus)  insignis  Leidy.  The  anterior  lake,  at  its  in- 
ner posterior  angle,  is  connected  by  a  narrow  outlet  with  the 
main  transverse  valley.  The  inner  anterior  column  is  a  broad 
oval  in  outline,  and  is  connected  with  the  antero-median  column. 
This  molar  is  from  near  the  middle  of  the  series,  and  measures 
15"™'  antero-posterior  diameter.  Other  fragmentary  teeth  indi- 
cate that  the  mcisors  were  very  small,  and  the  canines  large. 

Tlie  bones  of  the  feet  preserved,  which  may  with  considera- 
ble certainty  be  referred  to  the  same  individual,  imply  that  the 
man  us  and  pes  had  the  lateral  digits  developed,  as  in  Hipparion. 
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The  known  remains  of  this  species  indicate  an  animal  about 
two  and  a  half  feet  in  height  The  specimens  described  are 
from  the  Pliocene  beds  at  Antelope  Station,  Nebraska.  Otler 
remains  of  the  same  species  were  found  by  the  writer,  last  year, 
on  the  Niobrara  River,  in  the  same  geological  horizon. 

Pliohippue  pemiXj  gen.  et  sp.  no  v. 

A  new  genus  of  solipeds,  allied  to  Equus^  is  well  represented 
in  the  Yale  Museum  by  two  partial  skeletons,  with  the  more 
important  portions  preserved,  and  by  numerous  fragmentary 
remains.  This  genus  closely  resembles  Proiohippus  Leidy  m 
its  dentition,  but  diflTers  in  the  absence  of  lateral  digits,  which 
are  only  represented  by  slender  splint  bones.  From  the  true 
Equtts,  the  present  genus  may  be  distinguished  by  the  presence 
of  a  large  antorbital  fossa ;  by  the  functional  first  upper  pre- 
molar ;  and  by  a  diflferent  composition  of  the  crowns  of  the 
upper  molars.     The  dental  formula  of  PUohippus  is  as  follows : 

Incisors  -,  canines  -,  premolars  -,  molars  --. 

3  1  o  3 

The  incisors  have  the  characteristic  pit  of  the  modern  horse. 
The  molars  have  short  crowns,  with  distinct  fangs.  The  skull 
is  comparatively  short,  and  the  orbit  is  closed  behind.  The 
ulna  is  not  entire,  and  its  extremities  are  ankylosed  to  the 
radius.  The  distal  end  of  the  fibula  has  coalesced  with  the 
tibia.  On  the  radial  side  of  the  carpus,  there  is  a  small  ossicle 
which  appears  to  represent  the  trapezium.  On  the  opposite 
side,  attacned  to  the  unciform,  there  was  a  rudiment  of  the 
fifth  metacarpal. 

The  present  species  was  about  the  size  of  the  ass.  The  skull 
is  larger,  and  has  a  deep  irregular  fossa  in  front  of  the  orbit 
The  molar  teeth  have  very  short  crowns,  and  long  fangs.  The 
folds  of  the  enamel  are  very  simple,  and  there  are  none  in 
the  inner  lobes.  The  limbs  were  slender,  and  more  elongated 
than  in  the  ass.  The  ungual  phalanges  are  broader,  and 
slightly  cleft  at  their  extremities.  The  femur  has  the  fossa 
above  its  outer  condyle  unusually  deep.  The  cuboid  facet  on 
the  astragalus  is  larger  than  in  most  equines. 

Mensurernenta, 

Extent  of  four  upper  premolars, 88*  '""• 

Antero-posterior  diameter  of  first  upper  premolar, 13* 

Antcro-posterior  diameter  of  second  premolar, 81* 

Extent  of  three  upper  true  molars, 68* 

Antero-posterior  diameter  of  last  upper  molar, 2s* 

Extent  of  lower  molar  series, 1 46' 

Extent  of  last  three  lower  molars, 72. 

Length  of  radius, 263* 
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mm* 


Width  of  proximal  end, 49* 

Width  of  articulatioii  of  distal  end, 40* 

Len^h  of  third  metacarpal, 189* 

Length  of  first  phalanx  of  third  metacarpal, 56' 

Length  of  second  phalanx, 26* 

Length  of  third  phalanx, 38* 

Width  of  third  phalanx, 60- 

Length  of  calcaneum, 77* 

Length  of  astragalus, 41* 

Length  of  third  metatarsal, 208* 

The  specimen  here  described  was  exhumed  by  the  writer,  in 
June  last,  fix)m  the  Pliocene  sands  of  the  Niobrara  River, 
Nebraska. 

Fiiohippus  robustuSj  sp.  noy. 

A  second  species  of  the  genus  Pliohippus  is  indicated  by 
part  of  a  skeleton  with  portions  of  the  skull  and  teeth  of  one 
individual,  and  apparently  by  fragments  of  others.  This 
species  was  nearly  the  same  size  as  that  last  described,  but  the 
limbs  were  shorter  and  stouter.  The  first  upper  premolar  is 
much  larger,  and  the  upper  molars  are  longer,  and  much  curved. 
The  crowns  of  these  teeth  have  a  very  similar  arrangement  of 
the  enamel,  but  the  folds  are  more  complex. 

MMsuremerUs. 

Extent  of  four  upper  premolars, 98*  ""• 

Antero-posterior  diameter  of  first  upper  premolar, 18* 

Antero-posterior  diameter  of  secona  premolar, 29* 

Extent  of  three  upper  true  molars, 73' 

Transverse  diameter  of  humerus  at  distal  end, 64  • 

Transverse  diameter  of  radius  at  proximal  end, 60* 

Transverse  diameter  of  distal  end, 60* 

Length  of  third  metacarpal, 178* 

Width  of  proximal  end, 33* 

Width  of  aistal  articular  face, 29* 

Length  of  first  phalanx  of  third  metacarpal, 64* 

Length  of  second  phalanx, 30* 

Length  of  third  phalanx, 36* 

The  known  remains  of  this  species  were  found  by  the  writer, 
last  summer,  in  the  Pliocene  strata  of  the  Niobrara  River. 

Protohippus  avuSj  sp.  nov. 

A  number  of  teeth  from  the  Pliocene  beds  of  Oregon  indi- 
cate a  well  marked  species,  which  may  provisionally  be  placed 
in  the  genus  Protohippus,  although  tney  diflfer  so  widely  from 
those  already  described  that  additional  remains  will  probably 
prove  them  to  be  generically  distinct  The  most  of  these 
specimens  are  apparently  all  from  one  individual,  and  consist 
of  a  nearly  complete  series  of  upper  and  lower  molars,  and  one 


'264         0.  C.  Marsh — Notice  of  New  Tertian/  Mammals. 

incisor.  The  molar  teeth  have  very  short  crowns,  and  are 
inserted  by  distinct  fangs.  The  enamel  is  covered  with  a  thick 
coat  of  cement.  The  molars  are  considerably  worn,  and  the 
pattern  of  the  enamel  thus  produced  nearly  resembles  that  in  the 
corresponding  teeth  of  Anc/nfherium,  with  which  the  preseut 
teeth  agree,  also,  in  form  and  arrangement.  The  main  pecul- 
iarity of  the  upper  molars  is,  that  m  all  of  them  the  anterior 
lake  opens  into  the  transverse  valley,  while  the  outer  lake  is 
distinct,  and  much  contracted.  The  outer  concavities  of  the 
external  lobes  are  without  any  median  elevation.  The  posterior 
inner  cone  is  larger  than  the  one  in  front.  All  the  lower  molars 
have  an  outer  basal  ridce.  The  middle  teeth  are  the  largest  of 
the  series.  The  second  premolar  resembles  in  form  the  same 
tooth  in  Anchitherium^  but  the  anterior  buttress  is  less  distinct 
There  are  six  lower  molars,  the  last  premolar  being  the  largest 
of  the  series.  The  first  premolar  had  its  anterior  lobe  unworn, 
and  much  elevated  above  the  level  of  the  grinding  surface. 
The  fore  and  aft  diameter  of  the  lower  molars  is  unusually 
short  The  enamel  of  these  teeth  is  strongly  rugose,  more  so 
than  that  of  the  upper  molars. 

MoaauremeniB. 

Space  occupied  by  six  upper  molars, 110-°""* 

Space  occupied  by  three  upper  premolars, 67* 

Antero-posterior  diameter  of  second  upper  premolar, . .   .,  23* 

Transverse  diameter, ,._. 22* 

Antero-poaterior  diameter  of  last  upper  molar, 17* 

Transverse  diameter, 22* 

Extent  of  three  lower  premolars, 57* 

Antero-posterior  diameter  of  first  lower  premolar, 20  5 

Transverse  diameter, 15- 

Antero-posterior  diameter  of  first  lower  true  molar, 18* 

Transverse  diameter, 16* 

For  the  type  specimen  of  the  species,  I  am  indebted  to  Rev. 
Thomas  Condon,  of  Oregon,  who  first  explored  the  Pliocene 
strata  of  that  State. 

Anc/nppus  brevidenSy  sp.  nov. 

The  genus  Anchippus  Leidv  was  founded  on  a  single  upper 
molar  tooth  from  strata,  in  l^exas,  supposed  to  be  Miocene.* 
Several  teeth  obtained  by  the  Yale  party  in  the  Pliocene  of 
Oregon  clearly  belong  to  the  same  genus,  but  indicate  a  dis- 
tinct species.  These  teeth  agree  in  the  general  structure  o!  their 
crowns  with  the  tyj>e  of  Anchippus  Texanus,  but  the  antero- 
median lobe  is  plaoeil  further  forward,  and  hence  its  worn 
surface  is  not  in  the  same  line  with  that  of  the  antero-internal 
lobe.     The  posterior  crescentoid  tubercle,  also,  is  isolated,  and 

*  Proc.  Acad.  Kat.  Sciencoe,  Philadelphia,  1868,  p,  33 1« 
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wears  into  an  ear-shaped  lobe,  enclosing  a  pit  filled  with 
cement  The  crowns  of  these  molars  are  unusually  short,  even 
when  unworn.  They  all  have  distinct  tangs,  and  their  enamel 
is  covered  with  cement  The  outer  lobes  have  only  a  faint 
indication  of  a  median  ridge  on  their  concave  faces.  The 
buttresses  that  enclose  these  faces  are  prominent 

Measwrementa, 

Antero-posterior  diameter  of  first  upper  true  molar, lY'S™"' 

Transverse  diameter, 22* 

Antero-posterior  diameter  of  last  upper  molar, 17* 

Transverse  diameter, _..21'5 

Height  of  unworn  crown  of  last  upper  molar, 16* 

The  specimens  here  described  indicate  that  the  genera  ^/«- 
(Jiippus  and  UypnhippiLs^  established  by  Dr.  Leidy,  are  nearly 
related,  and  will  probably  proye  to  be  identical. 

The  large  number  of  equine  mammals  now  known  from  the 
Tertiary  deposits  of  this  country,  and  their  regular  distribution 
through  the  subdivisions  of  this  formation,  artbrd  a  good 
opportunity  to  ascertain  the  probable  lineal  descent  of  the 
modern  horse.  The  American  representative  of  the  latter  is 
the  extinct  Equus  fraU^nus  Leidy,  a  species  almost,  if  not  en- 
tirely, identical  with  the  old  world  Equus  caballus  Linn.,  to 
which  our  recent  horse  belongs.  Huxley  has  traced  success- 
fully the  later  genealogy  of  the  horse  through  European  extinct 
forms,*  but  the  line  in  America  was  probably  a  more  direct 
one,  and  the  recoM  is  more  complete.  Taking,  then,  as  the 
extremes  of  a  series,  Orohippus  agHis  Marsh,  from  the  Eocene, 
and  Equus  Jratemus  Leidy,  from  the  Quaternary,  intermediate 
forms  may  be  intercalated  with  considerable  certainty  from  the 
thi'-ty  or  more  well  marked  species  that  lived  in  the  intervening 
periods.  The  natural  line  of  descent  would  seem  to  be  through 
the  following  genera :-—  Orohippvs,  of  the  Eocene ;  Mioh'ppus  and 
Anchitherium^  of  the  Miocene;  Anchippus^  Hipparion^  Protohip 
pus^  and  Pliohippus^  of  the  Pliocene;  and  Equus^  Quaternary 
and  recent 

The  most  marked  changes  undergone  by  the  successive 
equine  genera  are  as  follows :  1st,  increase  in  size ;  2nd,  increase 
in  speed,  through  concentration  of  limb  bones;  8(1,  elonfiation 
of  head  and  neck,  and  modifications  of  skull.  The  increase 
in  size  is  remarkable.  The  Eocene  Orohippus  wa%  about  the 
size  of  a  fox.  Miohippus  and  Anch'thernim,  from  the  Miocene, 
were  about  as  large  as  a  sheep.  lllppar'On  and  Plioh'ppus^  of 
the  Pliocene,  equalled  the  ass  in  height :  while  the  size  of  the 
Quaternary  Equus  was  fully  up  to  that  of  the  modern  horse, 

♦  Aimiyersaiy  Address,  Geologioal  Society  of  London,  1870. 
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The  increase  of  speed  was  equally  marked,  and  was  a  direct 
result  of  the  gradual  modification  of  the  limbs.  The.  latter 
were  slowly  concentrated,  by  the  reduction  of  their  lateral  ele- 
ments and  enlargement  of  the  axial  one,  until  the  force  exerted 
by  each  limb  came  to  act  directly  through  its  axis,  in  the  line 
oi  motion.  This  concentration  is  well  seen,  a  g.,  in  the  fore 
limb.  There  was,  1st,  a  change  in  the  scapula  and  humerus, 
especially  in  the  latter,  which  facilitated  motion  in  one  line 
only;  2nd,  an  expansion  of  the  radius,  and  reduction  of  the 
ulna,  until  the  former  alone  remained  entire,  and  effective; 
3rd,  a  shortening  of  all  the  carpal  bones,  and  enlargement  of 
the  median  ones,  ensuring  a  firmer  wrist ;  4th,  an  increase  in 
size  of  the  third  digit,  at  the  expense  of  those  on  each  side, 
until  the  former  alone  supported  the  limb.  The  latter  change 
is  clearly  shown  in  the  following  diagram,  which  represents  the 
fore  feet  of  four  typical  genera  in  the  equine  series,  taken  in 
succession  from  each  of  the  geological  periods  in  which  this 
group  of  mammals  is  known  to  have  lived : 


a. 


b. 


rr 


a.  Orohippua  (Kooene);  b.  Miohippua  (Miocene);  c.  Hipparixm  (Pliocene);  d.  Eqfwa 
(Quaternary). 

The  ancient  Orohippus  had  all  four  digits  of  the  manus  well 
developed.  In  Miohippns^  of  the  next  period,  the  fifth  toe  has 
disappeared,  or  is  only  represented  by  a  rudiment,  and  the 
liihb  is  supported  by  the  second,  third,  and  fourth,  the  middle 
one  being  the  largest  Htpparion^  of  the  later  Tertiary,  still 
has  three  digits,  but  the  third  is  much  stouter,  and  the  outer 
ones  have  ceased  to  be  of  use,  as  they  do  not  touch  the  ground. 
In  Eqnwi,  the  last  of  the  series,  the  lateral  hoofs  are  gone,  and 
the  dio^its  themselves  are  represented  only  by  the  rudimentary 
splint  bones.*  The  middle,  or  third,  digit  supports  the  limb, 
and  its  size   has   increased   acconlingly.     The   corresponding 

*  The  modem  horse  occasionally  has  one  of  the  ancestral  hooflcts  developed, 
usually  on  the  fore  foot. 
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changes  in  the  posterior  limb  of  these  genera  are  very  similar, 
but  not  so  manifest,  as  the  oldest  type  {Orohippus)  had  but 
three  toes  behind.  An  earlier  ancestor  of  the  group,  perhaps 
in  the  lowest  Eocene,  probably  had  four  toes  on  this  foot,  and 
five  in  front.  Such  a  predecessor  is  as  clearly  indicated  by  the 
feet  of  Orohippus,  as  the  latter  is  by  its  Miocene  relative.  A 
still  older  ancestor,  possibly  in  the  Cretaceous,  doubtless  had 
five  toes  in  each  foot,  the  typical  number  in  mammals.  This 
reduction  in  the  number  of  toes  may,  perhaps,  have  been  due 
to  elevation  of  the  region  inhabited,  which  gradually  led  the 
animals  to  live  on  higher  ground,  instead  of  the  soft  lowlands 
where  a  polydactyl  foot  would  be  an  advantage. 

The  gradual  elongation  of  the  head  and  neck,  which  took 
place  in  the  successive  genera  of  this  group  during  the  Tertiary 
period,  was  a  less  fundamental  change  than  that  which  resulted 
m  the  reduction  of  the  limbs.  The  process  may  be  said  to  have 
already  began  in  Oroh'ppus,  if  we  compare  that  form  with  other 
most  nearly  allied  mammals.  The  diastema,  or  "  place  for  the 
bit,''  was  well  developed  in  both  jaws  even  then,  but  increased 
materially  in  succeeding  genera.  The  number  of  the  teeth 
remained  the  same  until  the  Pliocene,  when-  the  front  lower 
premolar  was  lost,  and  subseauently  the  corresponding  upper 
tooth  ceased  to  be  functionally  developed.  Tne  next  upper 
premolar,  which  in  Orohippus  was  the  smallest  of  the  six  pos- 
teri(^r  teeth,  rapidly  increased  in  size,  and  soon  became,  as  in 
the  horse,  the  largest  of  the  series.  The  grinding  teeth  at  first 
had  very  short  crowns,  without  cement,  and  were  inserted  by 
distinct  roots.  In  Pliocene  species,  the  molars  became  longer, 
and  were  more  or  less  coated  with  cement.  The  modern  horse 
has  extremely  long  grinders,  without  true  roots,  and  covered 
with  a  thick  external  layer  of  cement.  The  canine  teeth  were 
ver}'  large  in  Orohippus,  and  in  this  genus,  as  well  as  those  from 
the  Middle  Tertiary,  appear  to  have  been  well  developed  in  both 
sexes.  In  later  forms,  these  teeth  declined  in  size,  especially  as 
the  changes  in  the  limbs  afforded  other  facilities  for  defence, 
or  escape  from  danger.  The  incisors  in  the  early  forms  were 
small,  and  without  the  chamcteristic  pit  of  the  modern  horse. 
In  the  genera  from  the  American  Eocene  and  Miocene,  the 
orbit  was  not  enclosed  behind  by  an  entire  bridge  of  bone,  and 
this  first  makes  its  appearance  in  this  country  in  Pliocene 
forms.  Tlie  depres-ion  in  front  of  the  orbit,  so  characteristic 
of  Anchitherium  and  some  of  the  Pliocene  genera,  is,  strange  to 
say,  not  seen  in  Orohippus,  or  the  later  M'ohippus,  and  is  want- 
ing, likewise,  in  existing  horses.  It  is  an  interesting  fact  that 
the  peculiarly  equine  features  acquired  hy  Orohippns  are  retained 
persistently  throughout  the  entire  series  of  succeeding  forms. 
Such,  e.  g.,  is  the  form  of  symphysial  part  of  the  lower  jaw. 
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nnd  also  the  characteristic  astragalus,  with  its  narrow,  oblique, 
superior  ridges,  and  its  small  articular  facet  lor  the  cuboid. 

Such  is,  iu  brief,  a  general  outline  of  the  more  marked 
changes  that  seem  to  have  produced  in  America  the  highly 
specialized  modern  Equus  fn>m  his  diminutive,  four-toed  prede- 
cessor, the  Eocene  Orohippus,  The  line  of  descent  appears  to 
have  been  direct,  and  the  remains  now  known  supply  everv 
important  intermediate  form.  It  is,  of  course,  impossible  to 
say  with  certainty  through  which  of  the  three-toed  genera  of 
the  Pliocene  that  lived  together,  the  succession  came.  It  is  not 
impossible  that  the  later  species,  which  appear.generically  iden- 
tical, are  the  descendants  of  more  distinct  Pliocene  typ(?s,  as 
the  persistent  tendency  in  all  the  earlier  forms  was  in  tlie  s;ime 
direction.  Considering  the  remarkable  development  of  the 
group  throughout  the  entire  Tertiary  period,  and  its  existence 
even  later,  it  seems  verv  strange  that  none  of  the  species 
should  have  survived,  and  that  we  are  indebted  for  our  present 
horse  to  the  old  world. 

Yale  College,  New  Haven,  Feb.  20th,  1874. 
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Art.  XXIX. — On  the  great  Lava- flood  of  the  Northwest;  and  on 
the  structure  and  Age  of  the  Cascade  Mountains ;  by  JOSEPH 
LeConte,  Professor  of  Geology,  University  of  California. 

[Gontmued  from  page  180.] 

V.  Some  important  points  suggested  by  the  previous  discussion. 

A.  Successive  outflows  of  Cascade  lava, — Mountain-making, 
whether  by  the  up-swelling  of  sediments  or  the  out-squeezing 
of  liquid,  is  probably  always  a  slow  process.  The  latter  mode, 
however,  viz :  the  up-building  by  out-squeezed  matters  is  prob- 
ably more  paroxysmal  than  the  former.  The  Cascade  Range 
was  probably  built  up  paroxysmally  by  many  successive  out- 
flows, occupying  a  very  long  period  of  time.  I  believe  it  pos- 
sible to  detect  these  successive  outflows — to  detect  in  its  ex- 
ogenous structure  the  lines  of  mountain-growth. 

It  is  well  known  that  columnar  basalt,  when  in  thick  masses, 
is  often  divided  into  horizontal  layers  by  planes  which  inter- 
rupt the  continuity  of  the  vertical  columns.  Magnificent  ex- 
amples of  this  structure  are  found  in  the  basalts  of  the  Cascade 
Range.  On  the  nearly  perpendicular  clifls  of  Columbia 
River,  ten  or  twelve  honzontal  layers  may  be  distinctly  counted 
(figs.  2  and  3),  and  doubtless  many  others  exist,  but  their  out- 
cropping edges  are  covered  with  the  products  of  disintegration. 
On  the  perpendicular  cliffs  of  the  Des  Chutes  River  (fig.  1),  at 
least  twenty  layers  can  be  clearly  made  out,  and  about  ten  more 
with  less  certainty,  on  one  section.  Still  higher  up  on  the 
gentler  slope  are  seen  many  others,  though  their  out-cropping 
edges  are  mostly  covered  up  by  debris  and  soil.     That  these 
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layers  are  in  some  cases  really  separate  flows  is  shown  by  the 
fact  that  they  are  separated  by  volcanic  conglomerate  or  breccia 
or  by  partially  cemented  soil,  and  are  often  of  diflferent  kinds 
of  materials.  In  other  cases  it  seems  doubtful  whether  they 
indicate  separate  flows  at  all.  If  the^  do,  the  flows  must  have 
followed  each  other  in  quick  succession,  each  before  the  previ- 
ous one  had  suffered  surface  disintegration  ;  for  the  layers, 
though  somewhat  distinct,  are  in  solid  contact  and  connectiou 
with  each  other.  In  the  Columbia  Biver  Cafion,  as  at  CaBtle 
Bock  and  Cape  Horn,  and  especially  in  gorges  of  the  tributaries, 
I  found  masses  of  basalt,  many  hundred  feet  thick,  affected  with 
horizontal  layers,  but  yet  very  solid  throughout 

Again,  without  doubt,  certain  lava  ridges  running  from  the 
Cascade  crest,  and  terminating  somewhat  abruptly  against  the 
Des  Chutes  plains,  are  separate  flows,  distinct  from  each  other 
and  from  the  lava  of  the  Des  Chutes  plains  itself  These  enor- 
mous ridges  are  probably  flows  from  distinct  fissures.  The  ridge 
terminating  in  Des  Chutes  Hills  (tig.  1)  is  formed  by  one  of 
these  grand  flows,  itself  conaposed  of  many  subordinate  flows 
from  the  same  fissure.  Mr.  Condon  thinks  that  Mutton  Moun- 
tains on  the  south,  and  Klikitat  Mountains  on  the  north,  and 
Simcoe  Mountains  still  farther  north,  were  formed  by  similar 
flows.  The  lava  of  these  ridees  is  enttirelv  different  from  and 
more  trachytic  than  that  of  tne  plains.  "Whether  the  lava  of 
the  ridges  is  older  or  newer  than  tnat  of  the  plains,  I  am  un- 
certain, but  they  are  more  probably  older  The  lava  layers  of 
the  Des  Chutes  Hills  seem  to  dip  slightly  toward  the  west,  as 
indicated  in  fig.  1.  It  seems  most  probable  that  the  ridges  were 
first  formed  and  disturbed,  and  then  the  lava  of  the  plains  was 
poured  out  and  spread  about  their  feet,  and  finally  the  river 
cut  its  channel  1000  feet  deep  along  the  sinuous  line  of  contact 
between  the  two. 

B.  Relative  age  of  different  kinds  of  lava. — Without  doubt  a 
careful  study  of  the  3500  feet  of  lava  which  forms  the  Cascade 
Mountains,  and  which  is  exhibited  in  section  at  the  Columbia 
and  Des  Chutes  Rivers,  by  one  thoroughly  versed  in  the  lithology 
of  igneous  rocks,  would  afford  a  splendia  opportunity  of  testing 
the  iruth  of  Richthofen's  view,  that  there  is  an  invariable  order 
of  succession  in  the  appearance  at  the  surface,  by  fissure-erup- 
tion, of  the  d liferent  kinds  of  lava,  the  order  bemg,  according 
to  liim,  propylite,  andesite,  trachyte,  rhyolite,  basalt*  I  confess, 
however,  that  my  knowledge  of  the  divisions  and  subdivisions 
of  the  species  and  varieties  of  volcanic  rocks,  according  to 
Richthofen's  somewhat  complex  classification,  is  not  suflScient 
to  make  my  rather  hasty  observations  of  much  value.     Such 

*  Memoirs  of  Gal.  Acad,  of  Science,  toL  i,  pt.  1. 
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observations  as  I  made,  however,  I  here  present  merely  to 
draw  attention  to  this  important  subject 

As  I  have  already  said,  the  sub-lava  conglomerate  is  com- 
posed wholly  of  porphyriiic  pebbles  and  boulders.  I  think 
most  geologists  would  call  the  material  of  these  boulders  and 
pebbles  porphyry.  I  have  never  seen  this  rock  in  situ,  but  it 
doubtless  exists  in  situ  beneath  the  lava.  Its  position  agrees 
well  with  the  view  of  Richthofen  as  well  as  of  most  writers,  as 
to  the  Mesozoic  age  of  porphyry. 

Again,  on  the  north  side  of  the  Columbia  River  gorge,  the 
cliffs  are  in  some  places  composed,  in  their  lower  parts,  of  a 
whitish  or  grayish  ^achyte,  while  their  upper  parts  are  composed 
of  regular  horizontal  layers  of  columnar  i(25a/t  King  also  ob- 
served the  same  relation  in  the  trachyte  and  basalt  which  forms 
the  cliff  of  the  Snake  River  Cafion  in  Idaho;  800  feet  of 
trachyte  below  and  400  feet  of  basalt  above.  These  facts  are 
also  in  accordance  with  Richthofen's  view. 

But,  on  the  other  hand,  on  the  south  side  of  the  Columbia 
gorge,  columnar  basalt  forms  the  whole  cliff  down  to  the  un- 
derlying conglomerate.  And  at  the  Dalles  I  saw  tracthyte  or 
trachytic  tufa,  probably  from  Mt  Hood,  overlying  the  basalt 
And  Mr.  Condon  tells  me  that  while  the  flows  from  Mt  Adams 
are  all  basalt,  those  from  Mt  Hood,  even  the  latest,  are  all 
trachytic.  These  last  facts,  however,  viz :  Mt  Hood  trachytic 
tufa  overlying  columnar  basalt,  and  the  simultaneous  ejection 
of  basaltic  and  trachytic  lavas  by  Mta  Adams  and  Hood,  are 
by  no  means  fatal  to  Richthofen's  views ;  since  the  regular  suc- 
cession of  different  kinds  of  lava  strictly  apply  only  \o  fissure- 
eruptions,  such  as  those  which  form  the  iava-2tiyer«  of  Columbia 
and  Des  Chutes  Rivers,  and  not  to  crater.eruptions,  such  as  those 
which  form  the  \&VB.'Streams  from  Mts.  Hood  and  Adams,  still 
less  to  crater  and  fissure-eruptions  in  relation  to  each  other. 
There  is  evidently  nothing  to  hinder  the  supposition  that  while 
Mt  Adams  may  have  been,  by  secondary  eruption,  ejecting 
materials  from  a  more  superficial  basaltic  region  of  Cascade 
lavas,  Mt  Hood  has  been  simultaneously  and  similarly  ejecting 
materials  from  a  deeper  trachytic  region.* 

C.  Drift  covering  in  Oregon  and  Washington, — In  nearly  all 
portions  of  Oregon  over  which  I  traveled  there  is  a  well- 
marked  superficial  boulder  drift.  Its  true  nature  as  a  general 
or  northern  drift  is  most  conspicuously  evident  on  the  dry 
grassy  rolling  prairies  of  the  eastern  slope  of  the  Cascades,  and 
especially  on  tne  extensive  level  elevated  lava^lains  lying  be- 
tween the  Cascade  and  the  Blue  Mountains.     This  whole  region 

*  In  a  recent  paper  read  before  the  California  Academy  of  Science  (Proc.,  vol. 
y,  p.  210),  Dr.  J.  Blake  shows  that  in  the  Puebla  ran^,  Nevada,  trachyte  over- 
lies basalt  in  regular  layers,  indicating  true  fissure-eruptions. 
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18  covered  universally,  to  a  depth  of  five  to  thirty  feet,  with  a 
very  fine  unsorted  earth  (a  true  rock-meal)  mixed  with  lam 
pebhfes  ;  the  pebbles  becoming  larger  and  more  numerous  in  the 
lower  part  We  may  therefore  roughly  divide  the  whole 
thickness  into  two  layers  graduating  into  each  other ;  a  ton 
layer  of  fine  unsorted  dirt,  and  a  bottom  layer  of  pebbles  ancl 
boulders.  Over  the  hilly  region  of  the  slopes,  the  drift  cover- 
ing is  thinner,  and  the  two  layers  somewhat  more  distinct ;  over 
the  plains  farther  east  it  is  thicker,  and  the  two  layers  graduate 
into  each  other. 

Over  this  whole  region  no  angular  erratics,  no  moraines  nor 
loose  moraine  matter,  were  any  where  observed.  If  glacier  ice 
existed,  it  must  have  been  in  the  form  of  a  universal  ice-sheet 
mantling  the  whole  surface,  and  therefore  carrying  no  debris 
atop.  Certainly  the  drift  soil  is  such  as  would  be  produced  by 
moving  ice,  for  every  particle  of  it  seemed  to  have  been  sub- 
jected to  the  severest  attrition,  but  I  looked  in  vain  for  glaciated 
surfaces.  Whether  any  such  surfaces  on  the  bed-rock  would 
be  exposed  by  fresh  removal  of  the  drift  covering,  I  am  unable 
to  say ;  but  certainly  I  observed  none  on  rocks  exposed  by 
natural  agencies.  The  contrast  in  this  respect  between  this  and 
the  high  Sierra  region  visited  the  previous  summer  is  very 
striking.  If  an  ice-sheet  covered  this  region,  we  can  only  ac- 
count for  the  absence  of  glaciated  surfaces  by  the  rapidity  with 
which  lava  undergoes  surface  disintegration.  I  know  of  no 
point  more  important  than  the  careful  examination  of  the  sur- 
face of  the  bed-rock  in  this  region.  I  suspect  glaciation  would 
be  found.  Higher  up  on  the  slopes  of  the  Cascade  Range,  near 
Mts.  Jeflerson  and  the  Three  Sisters,  Newberry  observed  venr 
decided  and  unmistakable  glaciation.*  Even  in  this  higli 
region,  however,  glaciated  surfaces  have  been  rarely  observed, 
either  because  not  looked  for  sufficiently  carefully,  or  else,  as  I 
think,  because  covered  bv  more  recent  volcanic  ejections. 

There  is  another  peculiarity  of  the  Cascade  Mountains  which 
I  wish  to  notice.  Any  one  who  is  familiar  with  the  Sierras, 
and  observed  the  sharp,  jagged,  teeth-like  outline  of  its  crest, 
when  seen  from  a  distance,  cannot  but  be  struck  with  the  com- 
parative tameness  and  evenness  of  the  outline  of  the  Cascade 
crest  This  is  natural  enough  when  we  consider  the  recency, 
and  especially  the  mode,  of  its  formation,  viz.,  by  overflow  of 
liquid  materials.  But  one  would  suppose  that  tois  evenness 
would  have  been  destroyed  by  glacial  sculpturing.  On  the 
contrary,  there  are  in  the  outlines  of  the  Cascades  no  marks  of 
separate  glaciers  lingering  until  recent  times,  such  as  we  find 
at  every  step  in  the  high  Sierras.  If  the  forms  of  the  Cascade 
Range  liave  been  determined  by  ice,  it  must  have  been  by  an 

♦  Pacific  R.  R.  Report,  voL  vi,  GteoL,  p.  32. 
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ice-mantle,  not  by  separate  glaciers.  Or  else,  if  separate  glaciers 
existed  to  any  extent,  these  effects  have  been  obliterated  by 
still  more  recent  volcanic  ejections. 

In  Washington,  the  universal  drift  covering  is  equally  con- 
spicuous,  but  in  addition,  erratics  often  of  granite  and  apparently 
from  the  granitic  region  of  British  Columbia  are  not  uncom- 
mon.  Other  evidences  of  glacial  action  are  seen,  also,  in  the 
deep  narrow  fiord-like  inlets  of  Puget  Sound  and  along  the 
coast  farther  north,  and  in  the  beautiful  glaciatioD  of  Van- 
couver's Island.  This  island  has  evidently  been  completely 
enveloped  in  ice  and  moulded  beneath  its  surface. 

D.  Oscillations  during  Post-Tertiary  times  on  the  Pacific  Coast 
— I  think  there  are  abundant  and  unmistakeable  evidences  of 
oscillations  during  the  Post-Tertiary  period  on  this  coast,  some- 
what similar  to  those  characteristic  of  that  period  on  the  eastern 
coast  The  subject  has  been  yet,  however,  but  imperfectly 
studied.  I  shall  only  speak  of  what  I  saw  in  Oregon  and 
Washington. 

Puget  Sound  consists  of  a  somewhat  intricate  system  of 
narrow  channels,  which  in  most  parts  are  very  deep,  even  up  to 
the  very  shore.  In  other  words,  it  has  all  the  characters  of  an 
intricate  system  of  fiords,  I  think  there  is  little  doubt  that 
these  channels  are  a  system  of  subaerially  eroded  valleys  which 
have  sunk  beneath  the  sea-level.  The  erosion  may  have  been 
produced  either  by  rivers  or  by  glaciers ;  the  latter,  however, 
18  more  probable,  as  glacial  marks  are  abundant  over  the  sur- 
face of  Vancouver's  Island.  The  channels  of  Puget  Sound 
therefore,  I  conceive,  indicate  a  former  condition  more  elevated 
than  the  present  Again,  beyond  the  southern  extremity  of 
Puget  Sound,  there  is  an  intricate  system  of  glades  or  prairies 
overgrown  with  grass  and  ferns  only,  ramifying  amongst  the 
magnificent  dense  fir  forests  of  this  region.  Between  the  dense 
forests  of  firs,  200  feet  high,  and  the  absolutely  treeless  prairies 
there  is  the  sharpest  line  of  definition.  The  prairies  are  slightly 
lower  than  the  wooded  portions,  and  their  relations  to  the 
Sound  suggest  at  once  that  they  were  at  one  time  irregular 
southward  extensions  of  the  sound,  perhaps  alternately  flooded 
and  left  bare  by  the  tides,  like  the  mud-flats  about  Ofympia  at 
the  present  southern  extremity.  These  prairies,  therefore, 
probably  indicate  a  period  of  subsidence  and  subseauent  re-ele- 
vntion.  In  a  word,  we  have  about  Puget  Sound  evidences  of  a 
Glacial,  a  Champlain  and  a  Terrace  Epoch. 

In  Oregon,  the  evidences  of  elevation  are  perhaps  less  certain. 
The  general  drift  covering  may  or  may  not,  according  to  our 
theory  of  its  formation,  indicate  elevation  ;  but  the  glaciation 
observed  by  Newberry  certainly  indicates  greater  cold,  and 
therefore  probably  greater  elevation  than  now.     But  the  evi- 
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dences  of  depression  are  of  the  clearest  kind.  In  an  admirable 
article  published  in  the  Overland  Monthly  (Nov.,  1871),  and 
entitled  **  The  Willamette  Sound,"  Mr.  Condon  traces  an  old  sea- 
and  sound-level,  some  300  feet  above  the  present  sea-level,  from 
the  ocean,  up  the  Columbia  River,  around  the  great  valley  of 
the  Willamette  and  then  up  the  Columbia  again  to  the  Dalles. 
Much  of  the  evidence  of  this  was  shown  me  by  Mr.  Condon, 
on  ray  recent  visit  to  Oregon.  Here  there  is  undoubted  evi- 
dence of  depression  and  re-elevation.  It  is  generally  admitted 
also,  that  during  the  same  period^  all  the  flat-lands  and  valleys 
about  the  Bay  of  San  Francisco,  and  the  whole  valley  of  the 
Sacramento  and  San  Joaquin  Rivers  was  covered  with  water — 
the  latter  forming  an  immense  lake  or  sound. 


Ih. 


•  •    •     •    •   •    »    «     »  *  O^^-V^^  ^-..pg^*  .  _      A     . .     a  ■  ■ 


E.  Formation  of  the  cafion  of  the  Columbia  River, — This  enor- 
mous cafion — nearly  100  miles  long,  from  two  to  five  miles 
wide  and  3,000  to  4,000  feet  deep  at  the  Cascades,  has  evidently 
been  formed  wholly  by  erosion,  since  the  period  of  the  lava- 
flood,  i.  e.,  since  the  Tertiary  period.  At  the  beginning  of  the 
Post-Tertiary  period  there  probably  existed  here  only  a  low  gapy 
the  natural  outlet  of  the  immense  basin  on  the  eastern  side  of 
the  range.  If  a  glacial  sheet  existed  in  Eastern  Oregon,  its 
only  outlet  to  the  sea  would  have  been  over  this  gap.  In  that 
case,  the  principal  part  of  the  erosion  was  produced  by  ice  dur- 
ing the  Glacial  epoch,  and  by  floods  produced  by  the  melting 
of  the  receding  ice  sheet  during  the  Champlain  epoch.  In 
any  case  there  can  be  no  doubt  of  the  existence,  during  Post- 
Tertiary  times,  of  great  bodies  of  fresh  water  in  Eastern  Ore- 
gon, and  probably  of  a  very  moist  climate  in  that  now  arid 
region.  The  drainage  of  the  waters  of  this  immense  basin  was 
through  the  Columbia  River  gap.  The  erosion,  whether  by  ice 
or  water  or  both,  during  Post-Tertiary  times,  was  certainly 
very  great  I  believe  the  distinction  between  the  enormous 
Post-Tertiary  erosion  and  the  smaller  recent  erosion  is  still 
detectable.  Fig.  7  is  a  diagram mic  section  across  the  caflon  at 
the  Cascades.  Between  the  high  basaltic  cliffs  a  a,  the  dis- 
tance at  the  Cascades  is  at  least  five  miles.  This  grand  cafion, 
through  3,500  feet  of  lava  down  to  the  conglomerate,  was,  I 
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think,  swept  out  during  the  Post-Tertiary  either  by  water  or  by 
ice  or  by  both.  Since  that  time  the  greatly  shrunken  river  has 
cut  its  way  into  the  conglomerate  i6,  about  120  feet,  moving 
meanwhile  more  and  more  to  the  south,  so  as  to  form  perpen- 
dicular conglomerate  clitFs  on  that  side  only.  If  this  lower, 
narrower  conglomerate  canon  belongs  to  the  present  epoch,  then 
the  recession  of  the  perpendicular  falls  three  miles  back  from 
the  river,  as  already  described  in  the  early  portion  of  this  paper, 
belongs  also  to  the  present  epoch. 

F.  Prairie  mounds, — The  irregularly  ramifying  grassy  glades 
or  prairies  already  described  as  existing  at  the  southern  ex- 
tremity of  Puget  Sound,  are  studded  over  as  thickly  as  possi- 
ble with  mouTids  about  three  to  four  feet  high  and  thirty  to 
forty  feet  in  diameter  at  base.  For  this  reason  these  glades  are 
usually  known  as  '^mound-prairies,'^  There  are  millions  of 
these  mounds,  and  they  stand  so  thickly  that  they  touch  each 
other  at  their  bases,  leaving  no  level  space  between.  Although 
accurate  measurement  would  doubtless  show  some  variety  in 
shape,  size  and  position,  yet  the  general  impression  upon  the 
observer  is  that  of  perfect  regularitv.  The  mounds  themselves 
consist  wholly  of  a  drift  soil  of  eartli,  gravel  and  small  pebbles: 
the  intervals  between  are  thickly  strewn  with  larger  pebbles 
and  small  boulders.  The  vegetation  of  the  mounds  is  mostly 
ferns :  the  intervals  are  covered  with  fine  grass  only. 

There  has  been  much  speculation  as  to  the  origin  of  these 
remarkable  mounds.  Some  have  supposed  that  they  are  In- 
dian burial  mounds,  veritable  cities  of  the  dead.  Others  have 
thought  that  they  are  artificial  mounds,  upon  which  were  built 
huts  of  Indian  villages.  Still  others  have  thought  that  they 
were  made  by  certain,  perhaps  unknown,  species  of  fish,  at  a 
time  when  these  prairies  were  still  the  bottoms  of  shallow 
inlets;  that  they  were  in  fiict  large  fish-nests.  No  one  who 
has  examined  them  can  for  a  moment  accept  any  of  these 
views.  They  have  been  many  of  them  opened,  but  nothing 
indicating  artificial  origin  has  ever  been  found.*  Dr.  Newberry 
has  frankly  acknowledged  his  inability  to  account  for  them. 

When  I  first  examined  these  mounds  in  1871,  they  were  to 
me  also  perfectly  inexplicable.  But  upon  subsequent  reflec- 
tion, and  from  wnat  I  heard  of  similar  phenomena  in  portions  of 
California,  I  long  ago  arriveti  at  the  conclusion  that  they  are 

*  There  have  heen  many  rumors  of  the  opening  of  those  mounds  and  the  finding 
in  them  of  human  relics.  Only  very  recently  these  rumors  have  been  revived  and  ex- 
tensively circulated  in  the  daily  prints.  It  was  positively  stated  that  the  officers 
of  the  N.  P.  R.  R.  had  opened  several,  and  found  undoubted  evidences  of  human 
origin.  I  immediately  wrote  to  the  intelligent  Superintisndent,  Mr.  I.  W.  Sprague, 
asking  for  information.  Only  a  few  weeks  ago  I  received  answer  from  him,  stat- 
ing tl^t  the  road  does  not  run  through  Mound  Prairie,  that  they  had  never  found 
any  relics  of  any  kind,  and  as  far  as  he  could  learn,  no  relics  had  ever  been  found 
in  the  mounds  of  Mound  Prairie. 
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the  result  of  surface-erosion  under  peculiar  conditions.  On  con- 
ferring with  Mr.  Condon  daring  my  last  visit,  I  found  that  he 
too  had  come  to  this  conclusion.  In  mj  journey  with  him  to 
the  John  Day  Valley,  I  saw  evidence  which  was  perfectly  con- 
vincing. The  whole  rolling  country  between  the  Dalles  and 
the  upper  bridge  of  Des  Chutes  River,  a  distance  of  about  thirty 
miles,  is  literally  covered  with  these  mounds.  From  every 
eminence  the  whole  face  of  the  country,  as  far  as  the  eye  could 
reach,  presented  a  singular  appearance,  as  if  thickly  broken  out 
with  a  papular  eruption.  But  the  true  key  to  their  mode  of 
formation  is  given  here,  as  it  was  not  at  Mound  Prairie,  by  the 
great  variety  of  forms,  sizes  and  degrees  of  regularity  which 
they  assuma  They  varied  in  size  from  scarcely  detectable 
pimples  to  mounds  five  feet  high,  and  forty  in  diameter  at  base, 
and  mform  from  circular  through  elliptic  and  long-elliptic  to 
ordinary  hill-side  erosion -furrows  and  ridges.  In  regularity  of 
size  and  position,  there  was  equal  diversity ;  in  some  places 
being  as  complete  as  at  Mound  Prairie,  i.  e.,  they  were  all  ap- 
parentlv  of  the  same  size,  and  touched  each  other  at  base ;  m 
other  places  they  were  of  diflferent  sizes,  and  often  separated  by 
wide  pebble-covered  spaces,  as  if  they  were  but  the  remnants  of  a 
general  erosion  of  the  surface-soil.  Thus,  on  the  one  hand,  por- 
tions of  many  square  miles  in  extent  were  covered  with  mounds 
as  large  and  as  regular  as  any  part  of  Mound  Prairie,  and  em- 
dentiy  produced  by  the  same  cause:  on  the  other  hand,  other  por- 
tions  were  markid  only  by  long  hill-side  fum>w8  ^nd  ridges, 
evidently  produced  by  surface  erosion ;  and  between  these  ex- 
tremes every  stage  of  gradation  could  be  traced. 

No  one,  I  think,  can  ride  over  those  thirty  miles  and  observe 
closely,  without  being  convinced  that  these  mounds  are  wholly 
the  result  of  surface-erosion  acting  under  peculiar  conditions. 
These  conditions  are  a  treeless  country  and  a  drifi-soil^  consisting 
of  two  layers,  a  finer  and  more  movable  one  above  and  a 
coarser  and  less  movable  one  below.*  Surface-erosion  cuts 
through  the  finer  superficial  layer  into  the  pebble-layer  beneath, 
leaving,  however,  portions  of  the  superficial  layer  as  mounds. 
The  size  of  the  mounds  depends  upon  the  thickness  of  the  super- 
ficial layer;  the  shape  of  the  mounds  depends  much  upon  the 
slope  of  the  surface.  The  process  once  started,  small  shrubs  and 
weeds  take  possession  of  the  mounds  as  the  better  soil,  and  hold 
them  by  their  roots,  and  thus  increase  their  size  by  preventing 
or  retarding  erosion  in  these  spots.  The  treelessness  of  the 
country  in  eastern  Oregon  has  been  produced  gradually,  since 

♦  The  necessary  condition,  I  believe,  is  the  greater  movableness  of  the  surface 
soil,  as  compared  with  the  subsoil,  whatever  may  be  the  cause  of  the  greater 
movableness.  In  Oregon  and  Washington,  the  cause  is  &  pebble'Subaoil ;  in  other 
places  mentioned  below,  the  cause  may  be  different 
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Post-Tertiary  times,  by  the  increasing  dryness  of  the  climate. 
We  may  imagine  the  mounds,  therefore,  as  having  been  held  by 
the  struggling  remnants  of  a  departing  vegetation.  At  Mound 
Prairie,  however,  the  treelessness  is  probably  produced  by  a 
contrary  condition,  viz :  the  extreme  wetness  of  these  lower  level 
spots  in  winter.  Here,  therefore,  the  weeds  and  ferns  hold  and 
preserve  the  mounds,  not  only  as  the  better  soil,  but  also  as  the 
drier  spots. 

When  once  attention  is  turned  to  the  subject,  the  same 

[)henomenon  in  a  less  degree  is  observed  in  nearly  sdl  the  tree- 
ess  regions  of  California  and  Oregon,  which  have  not  yet  been 
touched  by  the  plough.  On  returning  from  Oregon,  I  observed 
it  in  the  upper  part  of  the  Sacramento  valley,  where,  however, 
the  mounds  are  so  small  and  inconspicuous  as  to  escape  obser- 
vation unless  attention  has  been  previously  awakened — only  a 
light  dappling  of  the  surface  of  the  country.  Similar  mounds, 
more  conspicuous  than  the  last  mentioned,  but  far  less  so  than 
these  of  Oregon  and  Washington,  under  the  name  of  "hog 
wallow  "  are  well  known  to  exist  over  wide  areas  in  middle  and 
southern  California.  They  dapple  the  whole  surface  of  the 
eastern  portion  of  the  San  Joacmin  and  Tulare  Plains,  and  are 
found  also  in  the  country  about  Los  Angeles.  The  smaller,  some- 
times scarcelv  noticeable  mounds  of  California,  graduate  com- 
pletely into  the  larger  and  more  perfect  ones  of  eastern  Oregon, 
and  these  again  into  the  still  more  perfect  ones  of  Mound 
Prairie.     If  the  mounds  of  Mound  Prairie  were   an   unique 

Ehenomenon,  we  might  resort  to  exceptional  modes  of  origin ; 
ut  a  phenomenon  so  wide  spread  must  be  attributed  to  the 
action  of  a  wide-spread  agent 

Oakland,  Cal.,  Dec.  15th,  1873. 


Art.  XXX. —  On  the  Parallelism  of  Coal  Seams ;  by  J.  S. 

Newberry. 

In  the  first  volume  of  the  Final  Report  of  the  Geological 
Survey  of  Ohio,  Professor  E.  B.  Andrews  advances  a  theory 
in  regard  to  the  successive  deposition  of  coal  strata  which,  if 
permitted  to  go  unquestioned,  might  seem  to  commit  the  other 
members  of  the  geological  corps  to  its  approval,  whereas,  as  a 
matter  of  fact,  Prof.  Andrews  stands  quite  alone  in  its  support. 
Very  briefly,  his  theory  is  this :  Ist,  That  coal-seams  have  accu- 
mulated in  marshes  along  the  sea  shore,  and  therefore  at  or 
ne^ir  the  water-level ;  2d,  That  the  subsidences  by  which  sev- 
eral coal  seams  were  successively  formed  and  buried  were  conti- 
nental and  general ;  and  3d,  That  the  coal-beds — from  their  mode 
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of  forrpation — must  necessarily  be  parallel  to  each  other,  and 
hence  a  discrepancy  in  the  distances  from  a  given  coal-seam, 
taken  as  a  base,  to  two  or  more  outcrops  of  what  might  be  con- 
sidered the  same  seam,  is  a  proof  that  the  coal  of  these  outcrops 
belongs  to  different  seams.  Prof.  Andrews  also  says  that  lie 
has  never  seen  a  coal  seam  dividing  into  two  or  more  distinct 
seams,  or  two  seams  approaching  each  other. 

While  not  questioning  the  accuracy  of  Prol  Andrews'  report 
of  his  own  observations,  I  am  compelled  to  say  that  the  facts 
observed  by  myself  are  not  only  aiscordant  with  his,  but  are 
such  as  seem  to  me  to  be  incompatible  with  his  theory.  In  the 
northern  half  of  the  Ohio  coal-field,  numerous  instances  of  the 
approach  and  divergence  of  plainly  continuous  coal-seams 
might  be  cited.  For  example :  On  one  tract  of  coal-land  in 
Hubbard,  Trumbull  Co ,  the  distance  which  separates  the  first 
from  the  second  coal-seam  varies  from  44  to  100  feet ;  Coal  No. 
1  showing  conspicuous  waves  or  folds,  while  No.  2  is  nearly 
horizontal  (M.  C.  Read).  At  Fredericksburg,  Wayne  Co., 
the  distance  between  the  two  limestone  coals — Nos.  3  and  4 — 
is  only  twenty  feet,  but  on  tracing  these  seams  down  the  valley 
of  the  Killbuck,  they  are  seen  to  gradually  diverge,  until  at 
Millersburg  they  are  eighty  feet  apart  At  Fredericksburg 
again,  the  distance  between  Coals  No.  4  and  No.  6  is  only  about 
thirty  feet;  but  in  passing  from  this  point  eastward  to  Mineral 
Point,  Tuscarawas  Co.,  the  interval  increases  to  104  feet,  Coals 
No.  5  and  5a  coming  in  between  them.  At  Steubenville,  the 
interval  between  Coals  No.  6  and  No.  8  varies  from  502  to  564 
feet ;  while  going  westward  this  interval  diminishes  to  less  than 
400  feet  along  the  western  outcrop  of  the  Pittsburg  seam.  On 
the  banks  of  the  Ohio,  between  Wheeling  and  Bellaire,  the  two 
coal  seams  next  above  the  Pittsburg  bed  are  seen,  in  a  sincrle 
exposure,  to  vary  from  12  to  35  feet  in  the  distance  which  sep- 
arates them.  On  the  banks  of  the  Ohio,  west  of  Wheeling, 
Coals  No.  8  and  No.  \)  are  about  150  feet  apart ;  three  coal 
seams,  8a,  8i  and  8c  being  interposed  between  them.  Tliirtv- 
five  miles  west  of  this  locality,  the  distance  between  Coal  8  and 
Coal  9  is  only  50  feet,  with  no  intermediate  seams  (Stevenson). 
At  Morgantown,  West  Virginia,  on  the  east  side  of  the  Monon- 
gahela,  the  intei-val  between  the  Pittsbui-g  coal  and  the  next 
succeeding  one  above  (Redstone)  is  over  50  feet,  consisting  of 
limestone,  14  feet ;  shale,  3  to  10  feet ;  sandstone,  35  feet.  On 
the  west  side  of  the  river,  three  miles  below,  the  distance 
between  the  Pittsburg  and  Redstone  coals  is  less  than  20 
feet;  the  limestone  remaining  constant,  the  sandstone  having 
entirely  disappeared  (Stevenson). 

Any  required  number  of  cases  like  the  preceding  might  be 
cited,  but  these,  as  it  seems  to  me,  will  sufiice  to  show  that  the 
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intervals  between  our  coal-seams  are  not  constant.  I  leam 
from  Profs.  Dawson,  White,  Cox  and  Worthen,  our  most 
experienced  coal  geologists,  that  similar  examples  to  those  I 
have  cited  are  not  uncommon  in  the  coal  fields  which  they  have 
so  carefully  studied.* 

The  fallacy  of  the  theory  of  Prof.  Andrews,  as  I  think, 
consists  in  the  supposition  that  the  subsidence  of  our  coal 
areas  has  been  always  continental  or  general,  whereas,  as  it 
seems  to  me,  the  evidence  is  varied  and  abundant  that  this 
subsidence  was  often  very  local,  and  that  in  the  long  interval 
which  elapsed  between  the  formation  of  one  coal-seam  and 
the  accumulation  of  carbonaceous  matter  above  it,  the  strata 
were  sometimes  warped  and  folded  in  the  most  local  and  com- 
plicated way.  It  is  also  apparent  that  the  deposition  of  the 
materials  forming  the  strata  of  the  Coal-measures  was  often 
quite  irregular.  This  is  conspicuously  shown  by  the  limited 
reach  of  the  great  sandstone  wedges  which  sometimes  locally  sep- 
arate or  replace  the  more  constant  elements,  the  limestones, 
shales  and  coal-seams.  In  some  instances  these  beds  of  sand- 
stone occupy  narrow  troughs  of  erosion ;  sometimes  they  form 
broad,  lenticular  sheets.  It  seems  to  me  that  we  have  some 
evidence  that  the  local  accumulation  of  these  beds  of  sand  pro- 
duced local  displacement  of  the  mud  on  which  they  were 
deposited,  just  as  they  do  at  the  mouth  of  the  Mississippi,  where 
the  displacement  results  in  the  formation  of  *' mud-lumps." 
But  the  theory  of  Prof  Andrews  seems  to  me  not  simply 
untrue,  but  as  calculated  to  do  positive  and  practical  harm, 
since  teaching  that  a  discrepancy  of  intei'val  argues  a  want  of 
identity  in  coal-seams,  it  tends  to  multiply  their  number  and 
produce  confusion  in  their  classification. 


Art.  XXXI. — Noles  on  some  of  the  Fossils  figured  in  the  recently- 
issued  FifUi  volume  of  the  Illinois  State  Geological  Report ;  by 

F.  B.  Meek. 

[Continued  from  page  19I-<.] 

Actinocrinites,  CyathfjcriniteSy  Codonites,  etc, ;  Plate  IX. — Most 
of  the  figures  on  this  plate  were  drawn  to  illustrate  the  re- 
marks on  the  structure  and  habits  of  the  Paleozoic  Crinoidea, 
commencing  on  page  328,  and  originally  published  by  us,  with- 
out figures,  in  the  Proceedings  of  the  Philadelphia  Academy 
of  Natural  Sciences,  some  years  back.  As  only  a  few  refer- 
ences to  these  figures  are  given  in  that  article  as  reprinted  in 

*  See  also  the  report  of  Prof.  Ramsay,  in  the  Report  of  the  Coal  Oommissionera 
(England),  vol.  i,  pp.  121  and  145, 
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the  text,  I  have  thought  it  desirable  to  indicate  here  more  fully 
the  particular  figures  on  this  plate,  to  which  the  student  should 
refer  while  reading  certain  paragraphs  of  the  remarks  mentioned. 

For  instance,  in  connection  with  what  is  there  said  in  regard 
to  the  structure  of  Oyathocrinites  on  p»ges  825  and  826,  figures 
18  and  14  of  plate  ix  should  be  consulted.  Figure  14  rep- 
resents the  upper  side  of  Oyathocrinites  malvaceus^  as  seen  with 
the  ventral  tube  and  some  other  parts  removed.  In  this  con- 
dition, there  would,  on  a  hasty  examination,  seem  to  be  two 
principal  openings  above,  directly  into  the  visceral  cavity. 
That  IS,  the  posterior  one  (an),  at  uie  lower  part  of  the  figure, 
for  the  connection  of  the  ventral  tube,  and  a  large  central  one 
(h) :  the  former  corresponding  to  the  position  of  the  anal  open- 
ing, and  the  latter  to  tnat  of  the  mouth,  in  Omiatula  and  other 
existing  Crinoidea.  Previous  to  the  discovery  of  these  speci- 
mens, here  for  the  first  time  illiistn\ted,  this  was  supposed  to 
be  the  normal  structure  of  Ch/athocrinites^  which  has  teen  de- 
scribed by  the  highest  European  authorities  as  having  two 
openings  through  the  vault  Our  figure  18,  however,  of  the 
same  plate,  representing  the  upper  side  of  C.  lowensis,  a  closely 
allied  species,  clearly  shows  that,  when  the  vault  is  uninjured, 
the  central  opening,  as  well  as  the  ambulacral  canals  (amc  of 
fig.  14),  are  covered  over  by  small  pieces,  so  that,  during  the 
life  of  the  animal,  the  only  communications  to  the  central 
opening  (seen  at  h  in  fig.  14)  were  through  these  covered  am- 
bulacral canals  {amc  of  fig.  13),  and  under  the  small  central 
vault-pieces  covering  the  central  opening  itself* 

The  discovery  of  this  structure  of  the  vault  of  Cyaihocrlniies 
is  one  of  considerable  interest,  since  it  brings  to  light  one  of  the 
most  marked  distinctions  between  this  genus  and  Poteriocrinites 
(including  as  subgenera  Scaph'iocrinus,  Zeacrinus^  Hoinocrijius, 
Ac,  &c.),  in  which  no  such  vault-structure  exists,  the  whole 
ventral  portion  in  these  latter  types  being,  on  the  contrary, 
enormously  produced,  in  the  form  of  a  great  cylindrical  or 
ventricose  upward  extension,  or  so-called  proboscis,  composed 
of  numerous  small  hexagonal  pieces,  with  pores  passing  in 
through  the  sutures  between  them ;  the  extension  being  often 
as  wide  as,  or  sometimes  even  wider  than,  the  body  below,  and 
nearly  or  quite  as  long  as  the  arms,  as  may  be  seen  in  Zeacri- 
nus  acanthophorus,  plate  XXIV,  fig.  11a;  as  well  as  in  several 
species  figured  in  former  volumes  of  the  Illinois  Reports.  Al- 
though much  has  been  written  by  authors  respecting  the  distinc- 
tions between  Cyathocrwites  and  Poteriocrinites,  and  some  have 
even  questioned   the  propriety  of  viewing  them   as   distinct 

*  Tlie  form  and  size  of  these  central  vault-pieces  may  not  be  exaf%  as  repre- 
sented in  flg.  13,  as  the  sutures  there  are  very  obscure  in  the  specimen,  and  tiiej 
are  too  strongly  and  decidedly  defined  in  the  engraving. 
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genera,  this  very  strongly  marked  and  striking  difference 
between  them  seems  to  have  been  entirely  overlooked  as  a 
distinguishing  feature.* 

This  peculiarity  of  the  vault  in  Cyaihocrmites  also  (along  with 
other  differences)  appears  to  distinguish  this  genus  from  those 
great  ponderous  species,  often  referred  to  Cyathocrinites,  for 
which  Mr.  Wachsmuth  has  proposed  the  name  Barycrinus  (see 
fig.  2,  pi.  XII ;  figs.  1,  2  and  8,  pL  xiii ;  and  fig.  8,  pi.  xx),  be- 
cause we  have  the  strongest  possible  negative  evidence  for 
believing  that  in  the  latter  no  solid  calcareous  vault-pieces  of 
any  kind  ever  existed.  It  likewise  has  an  important  bearing 
on  the  much  mooted  question,  to  be  mentioned  farther  on,  in 
regard  to  the  position  of  the  mouth,  and  the  manner  in  which 
the  food  is  conveyed  to  the  same,  in  the  Paleozoic  crinoids. 

While  reading  the  remarks  on  pages  827  to  829,  on  the  inter- 
nal i^onvoluted  organ  so  often  seen  in  the  Actinocrinitidce,  the 
student  should  turn  to  figures  6,  7  and  12,  of  plate  ix,  as  well 
as  to  fig.  3  of  plate  vii.  Since  these  remarks  were  published, 
however,  farther  examinations  of  other  specimens  have  led  me 
to  think  it  auite  probable  (contrary  to  the  statement  on  page 
828,  in  regard  to  its  structure  in  Batocrinus  VerjieuiUanus)  that 
this  organ  was,  in  all  cases,  composed  of  a  delicate  net- work  of 
calcareous  bars,  as  shown  mucn  magnified  in  fig.  6b  of  plate 
IX ;  and  that  the  apparently  more  dense  structure  illustrated 
by  figs.  85,  12c  and  12d,  of  the  same  plate,  was  produced  by 
the  deposition  of  crystalline  inorganic  matter  on  the  delicate 
bars  of  the  net- work. 

Figures  7a,  b  and  c  of  plate  ix  were  also  drawn  to  illustrate 
the  remarks  commencing  on  page  329,  on  the  existence  of  am- 
bulacral  canals  composed  of  minute  calcareous  pieces,  and 
converging  inward  from  the  arm-openings  to  the  top  of  the 
lai^e  internal  convoluted  organ,  in  the  ActinocrmitidcB.  Fig.  10 
of  the  same  plate,  it  will  also  be  seen,  shows  deep  furrows  in 
the  under  side  of  the  vault  of  Actlnocrinites  f  ornatus,  for  the 
reception  of  these  internal  ambulacral  canals,  as  mentioned  on 

Eage  332 ;  and  fig.  9  illustrates  casts  of  these  furrows  as  ex- 
ibited  in  a  cast  of  the  interior  of  the  vault  of  apparently  the 
same  species.  Upon  examining  these  figures,  it  will  be  observed 
that  the  deep  furrows  in  the  under  side  of  the  vault  do  not 
converge  to  the  single  opening  {an)  in  the  vault,  but,  as  in 
the  ambulacral  furrows  of  Oyathocrmt'tes  (figs.  13  and  14),  to  a 

*  I  oortainly  must  believe  that  Qoldfuss  was  much  nearer  right  in  referring  his 
Oyathocrinitea  geomeiHau  to  that  g^nus,  than  those  who  have  placed  it  in  the 
genua  Poteriocrinitea ;  though  it  does  agree  more  nearly  with  the  latter  in  the  much 
less  important  character  of  its  anal  series  of  pieces.  Its  nearly  fiat  vault,  how- 
ever, scarcely,  if  at  all,  rising  above  the  arm-bases,  without  any  traces  of  the 
great  ventral  extension,  composed  of  numerous  small  hexagonal  pieces  with  pores 
between,  as  we  see  in  PoteriocrinUea^  seems  to  me  to  separate  it  from  the  latter 
gnmp  entirely. 
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central  point  in  advance  of  it ;  precisely  as  the  ambulacra  in 
Comatula  converge  to  the  mouth  in  front  of  the  anal  opening, 
excepting  that  in  the  latter  neither  the  mouth  nor  the  ambu- 
lacra! canals  are  covered  by  solid  calcareous  vault-pieces. 

As  widely  diflferent  as  the  Blastoidea  would,  at  a  first  glance, 
seem  to  be  from  the  typical  crinoids,  in  the  stnicture  and  arrange- 
ments of  the  parts  mentioned  above,  an  attentive  comparison  will 
show  that,  fundamentally,  there  is  less  difference  between  these 
types  than  might  be  supposed.  For  instance,  if  we  examine  a 
Pentremites or  a  Oranatocrinus  {see  fig  4i,  pi.  ix),  as  the  specimens 
are  most  generally  found,  we  observe  that  they  show  two  prin- 
cipal openings  above ;  that  is,  a  central  one,  to  which  the  am- 
bulacra converge,  and  another  behind  this,  just  as  in  the 
incomplete  Cyatliocrinttes  represented  by  figure  14  of  same 
plate.  Specimens  in  a  better  state  of  preservation,  however, 
such  as  those  represented  by  our  figures  2a  and  26,  of  Ghranato- 
crmus  Sorwoodt^  and  fig.  5  of  Codonites  stelUfonnia^  show  that, 
when  the  parts  of  the  summit  are  intact,  the  central  opening, 
and  perhaps  a  part  of  each  ambulacral  furrow,  are  covert 
over  by  minute  fixed  pieces,  as  in  the  more  complete  Cyaiho- 
cr/'nites,  fig.  13 ;  the  amoulacral  canals  in  both  cases  passing 
under  the  vaul»-pieces,  inward  to  the  central  opening. 

In  the  Blastoldea^  there  are,  however,  other  small  lateral 
openings  in  the  summit,  as  seen  at  ir^  /r,  in  figures  2a  and  26, 
and  at  5,  5,  in  figure  5  of  plate  IX.  These  are  the  so-called 
ovarian  apertures  of  many  authors,  and  have  been  called  hy- 
drospires  by  Mr.  Billings,  who,  with  several  others,  regards  them 
and  a  curious  series  of  internal  parts  with  which  they  con- 
nect, as  the  water-breathing  organs  of  the  animal.  Although 
some  recent  investigations  of  the  anatomy  of  existing  crinoids, 
by  MetschenhofF,*  would  seem  to  cast  aoubts  on  the  correct- 
ness of  this  conclusion,  it  is  certainly  more  probable  than  that 
these  were  ovarian  openings ;  which  would  apparently  be 
against  all  analogy  from  what  is  known  of  the  reproductive 
system  of  the  existing  crinoids.  in  which  the  ambulacral  and 
reproductive  organs  are  directly  connected. 

Whatever  office  these  openings  may  have  performed  in  the 
animal  economy  of  these  types,  however,  we  have  some  reasons 
for  believing  that,  in  the  Actinocrinitidct  at  least,  there  were 
analogous  apertures,  which  were  also  called  ovarian  pores  by 
Prof.  McChesney,  in  describing  certain  species  of  this  group. 
These  are  small  pore-like  openings,  very  regularly  disposed 
with  relation  to  the  interradial  and  other  spaces  around  at  the 
connection  of  the  body  and  vault ;  one  being  placed  near  one 
side  of  the  base  of  certain  arms,  at  regular  intervals,  all 
around. 

♦  BuU.  Acad.  St  Petersburg,  XV.  p.  5«)8. 
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These  little  openings  have  often  attracted  my  attention ;  and, 
hough  once  inclined  to  attach  more  importance  to  them,  at 
t  time  our  remarks  on  the  structure  of  the  Paleozoic  crinoids 
re  written,  I  could  not  feel  quite  satisfied  that  they  might 
i  have  been  for  the  attachment  of  the  inner  pinnule  of  that 
e  of  each  arm-base  where  they  occur,  and  concluded  to  wait 
til  their  true  nature  could  be  more  clearly  determined,  before 
ling  attention  to  them.  Mr.  Wachsmuth  subsequently  assured 
,  however,  that,  after  examining  a  great  number  of  specimens 
every  condition  of  preservation,  he  has  never  seen  any  evi- 
ice  of  the  connection  of  pinnules  with  these  openings  ;  and 
isequently  he  suggested  tnat  they  may  correspond  to  the  so- 
led ovarian  apertures  of  the  Blastotdea  ;*  a  conclusion  that 
ms  to  derive  support  from  the  following  additional  fact, 
at  is,  that  on  tracmg  these  openings  through  the  wall  of  the 
ly,  they  do  not,  so  far  as  my  observations  nave  gone,  appeal: 
take  the  direction  that  would  indicate  any  immediate  con- 
stion  with  the  ambulacra,  but,  on  the  contrary,  turn  more 
inward,  increasing  in  size  as  they  pass  in,  thus  appearing  as 
they  might  have  connected  with  some  internal  cavity,  or 
tern  of  cavities,  between  the  outer  wall  and  the  visceral  sack, 
fact,  we  also  observe,  in  some  instances,  evidences  that  some 
:h  cavities  were  partitioned  off,  as  it  were,  by  an  incomplete 
ler  calcareous  wall,  secreted  (perhaps  only  in  old  individuals) 
the  perivisceral  membrane,  as  represented  by  our  figure  11 
plate  IX. 

Ihe  unmistakable  evidence  presented  by  some  of  the  speci- 
ns  figured  on  plate  IX,  that  tne  ambulacral  canals  continued 
converging  inward  uuder  the  vault,  from  the  arm-openings 
I  central  point  at  the  top  of  a  large  convoluted  organ  be- 
red  to  be  the  digestive  sack  (as  seen  in  fig.  7a),  led  us,  as 
jgested  on  page  334  of  the  reproduced  remarks,  to  think 
t  the  positions  of  the  mouth  and  anus,  with  relation  to  the 
bulacra  and  other  parts,  in  these  older  tvpes,  were  essen- 
ily  the  same  as  in  the  recent  crinoids.  That  is,  we  believe 
t,  in  the  Paleozoic  types,  as  in  the  recent  Comatula^  the 
uth  was  situated  centrally  at  the  radial  point  of  the  ambu- 
ra,  and  that  the  microscopic  organisms,  on  which  these  ani- 
ls doubtless  subsisted,  were  converged  by  the  action  of  cilia 
ng  the  ambulacral  canals,  to  an  internal  mouth  or  esophageal 
ining,  situated  under  the  center  of  the  vault ;  while  the 
yle  opening  of  the  vault,  always  located  at  some  point 
lind    the  center  of  radiation,    whether  simple   or  passing 

I  think  Mr.  Billings  has  alluded  to  these  openings  in  AcHnocriniteSj  in  some 
is  papers  (which  I  have  not  at  hand  for  reference  at  this  time),  after  receiving 
imens  from  Mr.  Wachsmuth,  with  the  same  suggestions  from  the  latter  gentle- 
in  regard  to  their  nature. 
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through  a  more  or  less  produced  tube,  we  regard  as  the  anal 
aperture,  as  in  the  existing  crinoids ;  and  not  the  mouth,  or 
both  mouth  and  anus,  as  believed  by  some.*  The  only  differ- 
ence, therefore,  as  we  understand  the  facts,  is  that,  in  the  recent 
types,  the  ambulacral  canals  and  mouth  are  directly  exposed 
externally,  the  former  merely  passing  to  the  latter  across  the 
upper  surface  of  a  membranaceous  ventral  integument ;  while, 
in  the  ancient  crinoids,  the  whole  ventral  surface  (excepting  the 
anal  opening),  as  well  as  the  ambulacral  canals  ana  mouth, 
was  very  generally,  if  not  always,  covered  over  by  a  vault  of 
fixed,  solid,  calcareous  pieces. 

That  some  of  the  most  distinguished  naturalists  of  Europe, 
including  Professor  Wyville  Thomson,  of  Belfast,  the  lamented 
Prof.  Michae;  Sars,  of  Ghristiania,  and  others,  to  whom  we 
several  years  back  sent  photographs  of  plates  ix  and  xvi,  sub- 
stantially concurred  with  us  in  tne  foregoing  interpretation  of 
the  facts  presented  by  the  specimens  illustrated  on  the  same. 
we  have  been  assurea,  both  by  private  letters  from  these  gentle- 
men, and  in  some  instances  by  their  publications.+ 

It  is  proper,  however,  to  state  here,  that  Mr.  Billings,  the 
very  able  paleontologist  of  the  Canadian  Geological  Survey, 
who  is  one  of  the  highest  authorities  on  the  Paleozoic  crinoids, 
dissents  from  these  views,  and  maintains,  with  much  ability,  that 
the  single  opening  in  the  vault  of  these  old  types  performed  both 
oral  and  anal  functions ;  or,  in  other  worcls,  that  the  mouth, 
unlike  that  of  the  existing  crinoids,  was,  in  the  former,  removed 
from  the  center  of  radiation,  and  consequently  from  all  direct 
connection  with  the  ambulacral  system. 

Codoniiefi  sielliformis^  figures  6  and  6a,  b, — ^In  connection  with 
the  foot-note  on  page  464,  in  regard  to  the  parts  described  by 

*  That  tho  single  opening  seen  in  the  vault  of  these  ancient  crinoids  could  not 
have  performed  both  oral  and  anal  functions,  at  least  in  PUUycriniteSj  seems  almost 
demonstrated,  bj  the  fact  that  we  often  find  (as  mentioned  on  pages  334  to  339 
inclusive,  and  illustrated  by  flg^es  6a,  &,  c,  of  plate  xvi)  specimens  with  the  shell 
a  Platyceras  growing  firmly  over  this  opening,  under  circiunstanoes  clearly  show- 
ing that  it  grew  there  during  the  life  of  the  crinoid.  In  these  cases,  we  can  readily 
understand  how  the  excrementitious  droppings  of  the  crinoid  may  have  passed 
out  under  the  foot  of  the  mollusk ;  but  it  would  be  exceedingly  di£Scult  to  explain 
how  food  could  have  passed  in  under  such  circumstances. 

4  In  justice  to  Dr.  L.  Shultze,  of  Bonn,  I  avail  myself  of  this  opportunity  to 
call  attention  to  the  fact,  that  he  had,  in  his  beautiful  Monograph  of  the  Echino- 
dermata  of  the  Eifel  limestone,  published  in  186G,  expressed  very  similar  views 
in  regard  to  the  internal  position  of  the  mouth,  and  the  mode  of  alimentation,  in 
the  Paleozoic  crinoids ;  though  the  specimens  at  his  command  for  study  were  far 
from  being  as  clearly  satisfactory  on  these  points  as  those  figured  by  us  are  believed 
to  be. 

At  the  time  we  first  publislied  our  remarks  on  this  subject,  in  18T>8,  we  had  not 
seen  his  work,  and  had  no  knowledge  of  the  fact  that  he  had  ever  expressed  simi- 
lar views,  or  we  should  certainly  have  mentioned  it  I  regret  that  I  have  not  his 
Monograph  at  hand  now,  so  that  I  could  quote  his  words,  or  refer  more  precisely 
to  the  pag^s  on  which  they  occur. 
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Mr.  Lyon  as  the  true  basal  pieces,  in  the  Blastoidea,  but  which 
we  have  viewed  as  belonginff  more  properly  to  the  column, 
fig.  5a,  referred  to  above,  should  be  consulted.  In  this  side- 
view  of  a  young  G.  stelliformis^  it  will  be  seen  that  this  part  is 
composed  of  anchvlosed  upper  disc-pieces  of  the  column, 
diviaed  longitudinally  by  three  sutures,  coincident  with  those 
between  what  we  regard  as  the  true  basals  above.  The  engrav 
ing  makes  the  divisions  between  the  discs  too  distinct,  but  they 
are  well  enough  defined  in  the  specimen  to  show  their  true 
nature. 

Pholidocidaris  irregularis  M.  and  W.  ;  plate  XV,  figs.  9a,  b  and 
4c,  rf.  e* — This  very  extraordinary  echinoid,  as  yet  only  known 
from  flattened  fragments,  was  at  first  supposed  by  us  to  be 
related  to  Ijepidocentrus  of  Miiller,  to  which  we  referred  it  pro- 
visionally, in  the  Proceedings  of  the  Philadelphia  Academy,  in 
1869.  At  the  same  time,  however,  we  remarked  that  a  com- 
parison of  the  ambulacra  might  show  our  fossil  to  be  entirely 
distinct,  and  suggested  that  in  that  case  it  might  be  called  PhoU- 
docidaris.  At  that  time  we  knew  nothing  of  the  ambulacra  of 
Lepidocentrus^  which  was  founded  by  Miiller  on  detached  inter- 
ambulacral  pieces,  some  of  which  resembled  certain  correspond- 
ing parts  of*  our  type.  On  seeing  Dr.  Shultze's  figure,  however, 
of  Mullers  genus,  published  in  his  Monograph  of  the  Eifel 
Eckinodermata,  we  were  at  once  satisfied  that  our  echinoid 
belongs  to  an  entirely  distinct  genus,  the  ambulacra  of  Lepido- 
centnis  being  (as  shown  in  Dr.  Shultze's  figure)  each  composed 
of  only  two  ranges  of  widely  different  pieces,  as  in  Pake^chinus, 
Consequently,  in  republishing  the  description  of  our  type,  we 
have  adopted  the  name  Pholidoddaris  for  it 

In  this  connection,  it  may  be  worthy  of  note,  that  it  is  evident 
from  Dr.  Shultze's  figures  that  Lepidocenfnis  Miiller,  1856,  and 
LepidechinijLS  Hall,  1861,  are  in  all  respects  congeneric ;  and,  as 
Miiller's  name  has  priority  of  date,  it  will  have  to  be  retained 
for  the  group  ;  thus  making  Lepidechinus  a  synonym.  Conse- 
quently, the  names  of  the  Aiperican  species,  Lepidechinus  irnbri- 
catus  Hall  and  Lepidechinus  rarispinu^  Hall,  will  have  to  be 
written  Ijepidocentrus  imbricatus  and  Lepidocentrus  rarispinus. 

Pentremit^s  {Troostocrinus  ?)  Woodmani  M.  and  W. ;  plate  XVI, 
figs.  4//,  6,  c,  rf. — In  describing  this  fine  species,  we  inadvertently 
omitted  to  mention  that  the  central  pit  seen  in  the  base  was 
evidently  left  by  the  accidental  removal  of  the  parts  we  have 
called  the  supplementary  basal  pieces,  in  other  types  of  the 
Bl'isto'decu  (See  the  foot-note  on  page  464,  already  cited  in 
these  notes,  in  connection  with  Codonites  stelliformis^  as  illustrated 
by  fig.  5a,  pi.  IX ) 

*  Figures  4c,  (2,  0  should  have  been  9c,  d,  e,  in  the  explanations  of  the  plate. 

Am.  Jour,  ftoi.— Third  Ssribs,  Vol.  VII,  No.  40.— April,  1874. 
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It  is  bighly  probable  that  the  group  including  this  species 
should  be  separated  as  a  distinct  genus  from  the  typical  Pen- 
tremiies,  such  as  P.  Oodoni,  P,  pyriformiSy  &c.  Our  deceased 
friend,  the  late  Dr.  B.  F.  Shumara,  of  St  Louis,  proposed  the 
name  Troostocrinus  for  a  group  to  which  he  referrea  at  least  one 
species  {Peniremiies  obliquua  Koemer)  evidently  closely  allied 
to  our  typa  Roemer's  species  was  founded  on  a  single  radial 
(fork)  piece,  but  its  lower  end  shows  an  oblique  flattening  or 
excavation,  similar  to  (though  more  shallow  than)  the  deep 
concavities  seen  in  the  corresponding  parts  of  our  species. 

Whether  such  forms  should  be  included  in  the  same  group 
with  those  very  narrow,  elongated,  fusiform  species,  such  as 
Pentremites  Rheinwardiii  of  Roemer,  with  the  Dase  and  lower 
parts  of  the  body  much  attenuated  and  merely  a  little  flattened 
on  three  sides,  may  admit  of  some  doubts ;  though  Dr.  Shu- 
mard  included  the  latter  in  his  genus  Troostocrinus.  Another 
reason  why  we  hesitate  in  retaining  his  name  for  the  group 
including  our  type,  is,  that  he  mentions  Pentremites  latemij'ormis 
of  Owen  and  Shumard  in  such  connection  with  his  genus 
that,  according  to  the  rule  followed  by  many  eminent  natural- 
ists, that  species  only  could  be  regarded  as  the  type  of  the 
same.  Unfortunately,  however,  it  is  now  rendered  almost 
morally  certain,  by  specimens  in  Prof.  Worthen's  collection, 
that  P,  laterni/ormis  was  founded  on  the  internal  cast  of  a  true 
typical  Pentremites.  Consequently,  if  we  adopt  that  as  the 
type  of  Troostocrinus^  we  would  have  no  other  alternative  than 
to  regard  that  name  as  merely  a  synonym  of  Pentremites  Say. 

Although  far  from  being  inclined  to  "  strain  a  point,"  in 
order  to  set  aside  a  published  name,  and  really  desiring  to 
retain  that  proposed  oy  Dr.  Shumard,  for  the  group  to  which 
our  species  belongs,  if  it  can  be  consistently  done,  we  have 
proposed,  in  case  serious  objections  should  be  raised  against 
sucn  an  arrangement,  to  call  our  type  TVicobliocrinus. 

(To  be  oontinued.) 


Art.  XXXII. — Laboratory  Notes;  by  M.  Carey  Lea, 

Philadelphia. 

I.  Solubility  of  certain  Silver  Salts  in  solutions  containing  Sodic 

Citrate. 

Some  statements  on  this  subject  appear  in  our  text-books 
which  must  either  be  regarded  as  entirely  erroneous,  or  else 
must  be  understood  in  a  very  much  more  limited  sense  than 
they  are  expressed.  In  Storer's  most  useful  Dictionary  of  Sol- 
ubilities I  find  it  stated  relative  to  argentic  citrate,  that  **  it  is 
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not  precipitated  from  solutions  containing  citrate  of  soda.'*  Of 
argentic  tartrate  and  monochromate,  the  same  statement  is  made 
in  the  same  words.  Of  argentic  tartrate  it  is  said  still  more 
strongly :  "  It  cannot  be  precipitated  from  solutions  which  con- 
tain citrate  of  soda."  These  citations  *  are  all  on  the  authority 
of  Mr.  John  Spiller. 

In  the  course  of  some  investigations  connected  with  salts  of 
silver,  I  obtained  results  so  contrary  to  these  statements  that  I 
was  led  to  examine  specially  the  influence  of  sodic  citrate  on 
the  precipitation  of  these  silver  salts,  which  resulted  as  follows: 

1.  A  strong  solution  of  crystallized  terbasic  sodic  citrate  was 
made ;  a  single  drop  of  solution  of  argentic  nitrate  added  to 
this  caused  a  precipitate  which  disappeared  on  warming ;  the 
addition,  however,  of  a  very  little  more  caused  a  permanent 
precipitate  which  did  not  redissolve  hj  heat  When  to  the 
solution  of  sodic  citrate  was  added  citnc  acid,  the  silver  reac- 
tion was  the  sama 

2.  Argentic  Oxalate. — When  oxalic  acid  is  dissolved  in  a  solu- 
tion of  sodic  citrate,  even  a  single  drop  of  silver  solution  pro- 
duces a  permanent  precipitate  which  does  not  disappear  on 
warming  or  even  boiling. 

3.  Argentic  Tartrate. — A  considerable  quantity  of  silver  solu- 
tion can  be  added  to  one  of  tartaric  acid  before  a  precipitate 
falls.  It  naturally  follows  therefore  that  when  to  a  solution 
containing  tartaric  acid  and  sodic  citrate  we  add  a  silver  solu- 
tion, no  precipitate  is  at  first  formed :  when  a  suflScient  quantity 
is  added  an  abundant  permanent  precipitate  is  formed. 

4.  Argentic  Chromat^. — When  a  little  solution  of  neutral 
potassic  chromate  is  added  to  one  of  sodic  citrate,  the  first  drop 
of  silver  solution  produces  a  brown  precipitate  which  is  perma- 
nent, and  does  not  disappear  even  by  boiling. 

5.  If  to  a  solution  of  sodic  citrate  be  added  silver  salt  as 
long  as  the  precipitate  dissolves  by  warming,  this  solution 
shows  the  following  reactions.  Chromate:  A  portion  of  the 
solution  added  to  one  of  neutral  potassic  chromate  produces  a 
precipitate  which  does  not  redissolve.  Even  a  drop  of  the 
solution  produces  this  effect,  unless  the  quantity  of  the  solu- 
tion to  which  it  is  added  be  very  large.  Oxalate:  The  solution 
dropped  into  aqueous  oxalic  acid  ffives  a  precipitate  which  at 
first  redissolves,  but  as  more  is  added  it  becomes  permanent 
and  does  not  redissolve  even  by  boiling.  Tartrate:  Similar 
reactions. 

6.  Finally,  to  a  quarter  of  an  ounce  of  strong  solution  of 
sodic  citrate,  as  much  silver  was  added  as  it  would  take  up. 
Into  tliis  a  fraction  of  a  drop  of  solution  of  neutral  potassic 

*  They  are  not  to  be  understood  as  being  adopted  by  the  author  of  the  "  Dio- 
tionarf,"  who  has  simply  collected  all  published  statements. 
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chromate  was  added.     A  red  precipitate  that  did  not  redissolve 
was  produced. 

7.  To  a  similar  strong  solution  of  sodic  citrate,  citric  acid 
was  added,  and  the  experiment  repeated  under  these  condi- 
tions. The  first  drop  of  chromic  solution  did  not  produce  a 
precipitate ;  a  little  more  produced  a  precipitate  not  reaissolving 
oy  heat 

8.  To  a  strong  solution  of  sodic  citrate  with  silver,  as  in  (6), 
oxalic  acid  was  added.  The  first  drop  troubled  the  liquid ;  a 
little  more  produced  a  heavy  precipitate. 

In  the  first  four  of  these  trials,  silver  solution  was  added  to 
one  of  sodic  citrate,  containing  the  oxalic,  tartaric,  &c.,  acids. 
In  the  three  in  paragraph  (6),  tne  solution  of  sodic  citrate  was 
charged  with  as  much  silver  as  it  would  take  up,  and  this  was 
added  by  degrees  to  the  solution  of  chromate,  oxalic  acid,  &c. ; 
in  (6),  (7)  and  (8),  this  was  reversed  and  the  precipitating  solu- 
tion was  added  by  degrees  to  a  very  large  excess  of  the  solution 
of  silver  in  sodic  citrate.  Thus  the  trial  was  varied  in  every 
possible  way  and  in  every  case  precipitates  were  obtained,  often 
with  extremely  small  and  always  with  small  quantities  of  the 
precipitant 

II.  Molecular  conditions  of  certain  Iodides. 

If  mercuric  iodide  be  dissolved  in  a  quantity  of  boiling 
water  and  the  solution  be  poured  out,  one-half  into  a  cold  por- 
celain basin  and  the  other  into  a  beaker  of  cold  water,  the 
iodide  quickly  separates  in  both  cases,  but  in  the  former  with 
a  bright  scarlet  color,  in  the  latter  with  a  pale  yellow,  and  only 
after  some  hours'  standing  recovers  its  normal  scarlet 

When  nickel  iodide  (obtained  by  dissolving  nickel  carbonate 
in  aqueous  hydriodic  acid')  is  evaporated  in  a  basin,  and  the 
sides  of  the  basin  above  tne  liquid  become  hotter  than  212°, 
the  adherinu  nickel  iodide  turns  black.  Paper  dipped  in  the 
solution  and  heated  turns  intenselv  black.  Nickel  chloride 
shows  the  same  result,  but  at  a  higher  temperature.  Potassic 
bromide  dissolved  with  the  nickel  chloride  lowers  the  tempera- 
ture at  which  the  blackness  comes. 

This  blackening  is  permanent  and  the  paper  itself  is  acted 
upon.  The  change  takes  place  far  below  the  temperature  at 
which  paper  chars. 

IIL    Criticisms  on  some  results  of  J/.  S.  Bottone, 

In  the  December  number  of  this  JoTimal  appears  an  abstract 
of  some  experiments  of  M.  S.  Bottone,  directed  to  prove  that 
the  hardness  of  anv  element  is  as  the  specific  gravity  divided 
by  the  atomic  weight     The  hardness  of  each  element,  calcu- 
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lated  according  to  this  postulate,  is  placed  in  a  column  paral- 
lel with  the  hardnesses  as  deduced  from  the  time  required  by  a 
steel  plunger,  revolving  at  a  uniform  velocity,  to  penetrate  to  a 
given  depth  in  the  substance  under  examination. 

The  results  obtained  in  this  way  by  Mr.  Bottone,  though 
agreeing  quite  well  with  the  calculated  figures,  seem  to  be  at 
variance  with  facts,  as  appears  by  a  simple  comparison  of  one 
with  another.  Thus  gola,  a  very  soft  metal,  is  made  more  than 
two-thirds  as  hard  as  iron,  -0979  to  1376.  Zinc  approaches 
still  nearer  to  iron  '1077  to  '1875.  Lead  is  made  to  be  but 
little  harder  than  sodium,  'OblO  to  '0400.  Sodium  is  made 
nearly  one-third  as  hard  an  iron,  '0400  to  '1875. 

It  is  still  worse  when  we  come  to  the  diamond.  Bottone 
finds  the  diamond  to  be  but  little  more  than  twice  as  hard  as 
iron,  less  than  six  times  as  hard  as  lead,  less  than  eight  times 
as  hard  as  sodium,  a  metal  as  soft  as  wax.  It  does  not  seem 
possible  to  accept  the  statement  that  a  revolving  steel  plunger 
will  penetrate  a  quarter  of  an  inch  into  a  diamond,  in  less  time 
than,  all  other  things  being  equal,  it  will  penetrate  an  inch  and 
a  half  into  lead. 


Art.  XXXIIL — The  Auriferous  Oravel  Deposit  of  Gold  Bluffs ; 
by  A.  W.  Chase,  Assistant  U.  S.  Coast  Survey. 

(Read  before  the  California  Academy  of  Sciences,  Jan.  6th,  1874.) 

I  PROPOSE  to  ask  your  attention,  for  a  few  moments,  to  a  brief 
description  of  the  somewhat  celebrated  deposit  of  auriferous 
gravel  on  the  coast  line  of  Klamath  County,  California,  called 
the  Gold  Bluffs,  and  the  method  of  gathenng  the  beach  sands 
and  extracting  the  gold  therefrom,  now  practised  at  the  two 
mining  claims  which  are  worked  there. 

Coming  from  the  north,  after  leaving  the  Klamath  Eiver,  the 
coast  line  is  extremely  broken  and  rocky,  the  rock  being  prin- 
cipally metamorphic  sandstone,  with  an  occasional  cliff  of  chert 
or  jasper  in  regular  layers  or  strata.  At  a  point  about  four 
miles  south  of  the  river,  banks  and  deposits  of  gravel  appear, 
although  the  commencement  of  the  bluffs  proper  is  at  the 
mouth  of  a  creek  called  the  Ossegan  and  seven  miles  from  the 
Klamath.  Then,  for  nine  miles,  there  is  an  almost  unbroken 
line  of  cliffs,  varying  from  100  to  500  feet  in  height  Many  of 
the  bluffs  are  absolutely  vertical  and  in  some  instances  over- 
hanging. At  low  water  there  is  a  narrow  beach,  but  when  the 
tide  is  full  the  sea  washes  directly  against  the  base  of  the  cliffs : 
the  beach  is  then  impassable. 
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The  mountains  back  from  the  coast,  of  which  the  bluffs  form 
the  sea-escarpment,  are  all  one  immense  mass  of  gravel,  of  vary- 
ing size  and  distinctly  marked  layers  or  stratifications.  This 
gravel  can  be  traced  across  the  country,  northeastwardly,  to  a 
point  on  the  Klamath  River  about  thirty  miles  distant,  where 
the  same  form  of  deposit  makes  its  first  appearance  as  you 
ascend  the  river. 

As  the  bluffs  are  similar  or  nearly  so  in  stratification,  I  have 
sketched  a  section  of  one,  from  under  which  the  specimens  of 
black  sand  or  magnetic  iron  ore,  which  on  examination  you 
will  find  rich  in  fine  gold,  were  taken.  (Specimens  presented 
with  this  paper.)  The  height  of  this  cliff  from  low-water  mark 
is  about  227  feet,  and  the  sketch  represents  a  vertical  section 
The  thickness  of  the  different  strata,  I  would  remark,  are  by 
estimation,  as  I  had  no  available  means  of  determining  them 
with  exactitude. 

Commencing  from  the  top,  we  have  first  a  section  of  ten  feet 
of  loam ;  then  twenty  feet  of  yellow  clay ;  then  forty  feet  of 
coarse  yellow  gravel ;  then  a  stratum  of  sandstone  of  brownish 
color,  ten  feet ;  next  fortv  feet  of  red  and  yellow  gravel ;  then 
five  feet  of  a  blue-colore(f  sandstone.  Projecting  from  this  layer 
are  numerous  stumps  and  other  portions  of  trees,  partially  trans- 
formed into  lignita  A  specimen  of  this  lignite  is  presented 
with  this  paper.  Then  we  have  fifty-five  feet  of  a  very  coarse  red 
and  yellow  gravel,  and  immediately  beneath  it  five  feet  of  very 
fine  blue-colored  gravel ;  then  fifteen  feet  of  indurated  sand ; 
then  ten  feet  of  gravel,  stained  deep  red,  probably  from  the 
presence  of  oxide  of  iron.  Beneath  this  is  another  stratum  of 
sandstone,  five  feet,  blue  in  color,  with  pieces  of  the  lignite 
before  referred  to  projecting  from  it ;  ttien  five  feet  more  of 
blue  sandstone  without  any  lignite  ;  then  seven  feet  of  gravelly 
beach  to  low  water  mark. 

This  cliff  which  I  have  described  is  at  the  lower  end  of  the 
bluffs,  and  near  the  mining  works.  The  strata  all  dip  to  the 
north  at  an  angle  of  about  15°  ;  while  those  on  the  north  end, 
although  much  broken,  seem  to  dip  toward  the  south. 

A  specimen  of  the  stratum  No.  10  from  the  top  is  presented. 
You  will  see  by  examination  that  the  presence  of  mica  and 
fine  gold  can  be  detected  with  the  microscope.  The  specimen 
obtained  was  a  concretion  cemented  together  on  a  large  boul- 
der by  the  oxide  of  iron.  It  is  my  belief  that  from  this  stratum 
the  largest  amount  of  fine  gold  is  obtained. 

Before  attempting  to  form  any  theory  as  to  the  origin  of  this 
vast  deposit  of  auriferous  gravel,  I  will  give  a  brief  description 
of  the  history  of  the  gold  working  of  the  beach,  and  the  pres- 
ent mode  of  operation.  In  1850,  when  this  portion  of  the  coast 
line  was  still  in  undisturbed  possession  of  the  Indian  tribes, 
a  party  of  adventurers  travelled  from  Trinidad  up,  seeking 
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for  the  mouth  of  the  Trinity  Eiver,  which,  instead  of  being  in 
reality  an  affluent  of  the  E^lamath,  was  supposed  to  have  a  sep- 
arate mouth.  One  of  the  party  was  J.  Johnson,  now  a  resident 
of  Crescent  City.  At  a  favorable  spot  on  the  beach  they  saw 
glittering  particles  in  the  sand,  and  on  examination  found  them 
to  be  gold.  Gathering  some  of  this  gold,  they  went  back, 
greatly  excited,  to  Trinidad,  to  procure  provision. 

On  their  return,  however,  they  founa  nothing  but  a  bed  of 
gravel,  a  change  in  the  direction  of  the  surf  having  carried 
away  or  covered  up  the  glittering  treasure.  It  may  be  re- 
marked here  that  when  the  direction  of  the  wind  is  such  that 
the  surf  breaks  square  on  the  beach,  it  rolls  up  masses  of  coarse 
gravel,  and  no  black  sand  is  visible ;  but  that,  when  it  cuts  the 
beach  at  an  angle,  the  gravel  is  washed  into  heaps  in  certain 
spots,  and  in  others  black  sand  is  deposited,  more  or  less  rich 
in  gold. 

After  this  discovery  ensued  the  so-called  "  Gold  BluflF  excite- 
ment" The  first  mining  claim  was  taken  up  the  same  year  by 
Bertrand  and  Nordhamer.  The  beach  sands  were  worked  with 
sluices,  the  gold  being  caught  in  riffles  sawed  in  a  plank, 
loaded  with  quicksilver.  From  that  time  to  the  present  these 
beaches  have  been  steadily  worked ;  the  highest  amount  taken 
out  in  any  one  year,  up  to  the  present,  being  said  to  be  $26,000, 
for  the  lower  claim.  The  proprietors  have,  however,  labored 
under  the  disadvantage  of  a  scanty  supply  of  water,  not  being 
able  to  keep  their  sluices  running  more  than  one- third  of  the 
time.  I  will  now  give  a  description  of  the  present  method  of 
working,  as  witnessed  by  myself. 

I  roae  up  the  beach  with  the  superintendent  of  the  lower 
claim,  just  as  the  tide  was  turning  to  go  out  His  practised 
eye  noted  every  indication  of  the  presence  of  black  sand. 
Alighting  at  a  spot  at  the  base  of  the  cliflf,  a  section  of  which 
I  have  just  shown  you,  he  scraped  away  the  loose  gravel  and 
taking  up  a  shovel-full  of  the  sand  lying  beneath,  panned  it 
out  in  a  little  pool  of  water  left  by  the  receding  tide.  A  rim 
or  circle  of  fine  gold  around  the  spot  of  sand  indicated  the 
richness  of  the  layer.  A  messenger  dispatched  to  the  works 
soon  brought  down  the  mule  train.  There  are  some  forty  ani- 
mals employed,  although  in  the  present  instance  but  sixteen  of 
them  were  used.  Each  mule  carried  a  couple  of  sacks  of 
coarse  canvas  attached  to  the  pack  saddle.  Each  sack  will  con- 
tain about  150  lbs.  of  sand  and  gravel ;  the  mule  packing  there- 
fore 300  lbs. ;  and  the  train  of  sixteen,  4800  Iba,  or  nearly  two 
tons  and  one-half  at  a  trip. 

The  top  gravel  being  stripped  off,  the  underlying  sand  was 
gathered  into  little  piles.  While  the  men  were  thus  engaged 
the  superintendent  invited  my  attention  to  the  appearance  of 
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the  bed-rock  or  hard  strata  underneath  the  sand  after  it  was 
stripped.  It  glittered  with  fine  particles  of  gold,  and  I  could 
then  well  believe  the  stories  of  the  first  discoverers. 

So  exceedingly  fine,  however,  is  the  clmracter  of  this  gold, 
that  it  requires  a  much  larger  quantity  of  these  particles  to 
reach  the  value  of  a  cent  t^an  one  not  familiar  with  the  sub- 
ject would  suppose.  Specimens  of  the  sand  as  taken  from  the 
beach  are  presented  witu  this  paper.  On  microscopic  examina- 
tion, besides  the  gold  and  magnetic  iron  ore,  the  sand  will  be 
seen  to  contain  minute  and  brilliant  red  particles,  which  I  be- 
lieve to  be  spinel  in  some  of  its  forms.  Other  translucent 
particles  will  be  seen. 

Prof  Silliman,  in  notes  on  the  Mineralogy  of  California, 
Utah  and  Nevada,  mentions  a  variety  of  minerals  as  compos- 
ing the  black  sands  of  Butte  County.  It  is  probable  that  all 
or  nearly  all  of  these  will  be  found  in  the  sands  from  Gold 
Bluff.  As  there  are  large  deposits  of  chromic  iron  in  the 
county  adjoining,  it  is  probable  that  chromite  forms  a  portion 
of  the  black  sand. 

Prof.  Silliman  mentions  syenite  as  the  matrix  from  which 
most  of  the  minerals  he  enumerates  came.  I  present  a  small 
pebble  of  syenite  from  Gold  Bluffs.  It  is  a  common  factor  in 
the  gravel  masses. 

To  return  now  to  the  description  of  the  process  of  gathering 
the  sand.  After  it  had  been,  as  mentioned  before,  shovelled  up 
into  little  piles,  the  canvas  sacks  were  taken  from  tlie  mules 
and  filled.  With  a  word  from  the  driver  each  mule  gravely 
walked  up  between  his  sacks.  On  their  being  placed  on  his 
back  he  would  start  oflF  on  a  trot,  for  the  works.  I  watched 
the  movements  of  these  animals  with  a  great  deal  of  interest : 
they  had  to  pass  several  points  where  the  sea  was  breaking 

Eretty  well  up  on  the  bluflf.  When  they  saw  a  heavy 
reater  coming  in  they  would  face  the  cliflF  like  veterans, 
and,  with  firmly  braced  feet  and  drooping  ears,  allow  the 
water  to  dash  over  them  ;  when  the  swell  receded,  off  they 
would  start  again.  During  the  time  I  was  present  these 
mules  made  three  trips,  carrying  up  on  the  whole  some  six  or 
seven  U^ns  :  this  was  on  a  single  tide. 

On  arrival  at  the  works  the  sand  is  deposited  in  an  enclosure 
called  the  "  sand  corral.**  A  large  lagoon  near  by  supj>lies  the 
necessary  fresh  water  for  separation.  A  small  stationary 
engine  and  force-pump  is  in  use.  The  washing  is  done  in 
machines  called  Long  Toms,  the  gold  being  caught  on  clipper 

fJates  which  an?  chargetl  with  quicksilver.  Formerly  it  is  be- 
ieved  that  a  large  percentage  of  the  gold,  ground  down  as  it  was 
by  the  wearing  action  of  the  surf  to  a  j)owder,  was  lost  Now 
the  plates  are  first  coated  with  a  layer  of  silver  before  the  mer- 
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cury  is  applied.  Sodium  is  also  used  to  free  the  quicksilver 
from  impurities.  A  t<m  of  the  tailings,  analyzed  in  San  Fran- 
cisco after  this  improvement  had  been  eflfeoted,  did  not  afford  a 
trace  of  gold.  The  copper-plates  in  use,  especially  in  the  old 
process,  become  quite  valuable  after  continuous  service,  the 
copper  being  replaced  by  an  almost  pure  amalgam  of  gold  and 
quicksilver. 

During  the  week  that  I  was  in  the  vicinity  of  the  works, 
they  cleaned  up  a  six  or  seven  days'  run  ancl  retorted  $1600 
from  the  washing  of  the  two  machines,  each  employ int<  two 
men.  The  succeeding  week  they  cleaned  up  $1700.  Of  course 
this  yield  comf)rised  the  gold  from  a  portion  at  least  of  the 
rich  deposit  I  have  described. 

Since  the  experience  of  the  successive  proprietors  of  this 
extraordinary  gold  mine  go  to  prove  that  immediately  after 
a  heavy  cave  or  slide  of  the  banks,  the  benches  are  richer 
and  the  gold  coarser,  it  seems  strange  that  up  to  the  present 
time,  no  artificial  means  have  been  resorted  to,  in  the  way 
of  blasting  down  the  cliflFs  or  undermining  them  by  hydraulic 
power,  to  increase  the  yield  of  gold.  The  sea  working  night 
and  day  is  the  great  natural  separator,  and  man  has  but  to 
gather  the  results  of  its  tireless  work. 

Many  ideas  have  been  advanced  as  to  the  possibility  of  gold 
in  quantities  and  coarser  in  character  being  found  beyond  the 
lines  of  surf,  predicated  on  the  fact  that  it  in  conjunction  with 
black  sand  has  been  said  to  have  been  brought  up  from  the 
bottom  by  the  leads  of  sailing  vessels,  and  I  believe  an  expedi- 
tion was  fitted  out  to  obtain  this  sand  by  means  of  a  diving-bell 
or  some  such  apparatus,  which  did  not  result  favorably. 

Two  or  three  facts  can  be  taken  in  conjunction  here  to  form 
an  idea  on  this  subject  The  first  is  that  the  gold  evidently 
comes  from  the  blufts.  This  no  one  can  doubt  after  once  view- 
ing them.  The  second,  that  after  "caves"  the  gold  obtained 
is  much  coarser  in  character.  The  third,  that  it  is  only  after  a 
continued  succession  of  swells  that  cut  the  beach  at  an  angle, 
that  the  rich  sands  are  found.  When  the  surf  breaks  square 
on,  let  the  storm  be  ever  so  heavy,  it  simply  loads  the  beaches 
with  gravel  The  fourth,  that  no  one  witnessing  the  power  of 
the  surf  breaking  as  it  does  with  no  rocky  headlands,  points  or 
i"ocks  to  deaden  it,  can  doubt  that  it  must  have  an  immense 
grinding  force.  From  these  facts  I  am  inclined  to  believe  that 
the  gold  follows  the  first  two  or  three  lines  of  breakers  and  will 
never  be  found  in  paying  quantities  beyond.  As  you  will  see 
by  examination  of  the  specimens,  this  gold  is  so  light  in  char- 
acter that  when  dry  it  will  float  on  the  surface  of  water. 

In  endeavoring  to  account  for  the  presence  of  these  remark- 
able gravel  banks,  unique  I  believe  on  the  Pacific  coast,  one 
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is  inclined  to  think  that  they  were  the  deposits  of  a  great 
river  of  the  past,  occupying  the  bed  of  the  present  Klamath, 
but  having  its  debouchure  here.  The  fact  that  the  gravel  is 
flattened  and  oblong  in  shape  as  a  rule,  the  presence  of  lignite 
in  different  strata  and  of  river  sand  in  others,  would  go  to 
confirm  this  theory,  although  the  broken  and  disrupted  charac- 
ter of  the  mountains  back  is  an  evidence  of  after  disturbatice 
I  present  a  fossil  vertebra,  obtained  from  the  bank  men- 
tioned, which  may  throw  some  light  on  the  subject  Whatever 
may  have  been  the  origin  of  these  deposits,  and  I  do  not  pro- 
fess from  lack  of  experience  to  form  a  definite  opinion,  it  is 
certain  that  they  offer  an  inviting  field  for  the  geologist  and 
will  some  day  demand  careful  study. 

After  the  completion  of  this  paper,  I  received  a  letter  from 
Prof.  J.  D.  Dana,  to  whom  I  had  sent  specimens  of  the  sands 
of  Gold  Bluff*,  fi-om  which  I  extract  the  following  remarks : 

**  The  red  grains  in  the  sand  are  garnet.     It  is  altogether 

{)robable  that  the  deposit  dates  partly  firom  the  close  of  the 
zlacial  era;  that  is,  tne  time  of  melting  of  the  ice  in  the  early 
part  of  the  Champlain  period,  when  floods  and  gravel-deposi- 
tion were  the  order  of  the  day,  2J1A  partly  from  the  later  part  of 
the  Champlain  period,  when  the  floods  were  but  partially 
abated,  yet  the  depositions  were  more  quiet" 


Art.    XXXIV. — Notices  of  Recent  Earthquakes, — No.    4;    by 
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May  15,  1878. — Several  shocks  of  earthquake  were  felt  at 
Valparaiso,  Chile.  They  commenced  at  12.32  P.  M.  and  lasted 
forty-two  seconds.  The  motion  was  vertical.  Several  persons 
were  hurt  and  killed  ;  the  Church  of  the  Apostles  was  injured 
and  the  Merced  was  left  in  a  dangerous  state.  Many  other  pub- 
lic and  private  buildings  were  more  or  less  damaged.  Severe 
shocks  were  also  felt  at  Quillota  and  Santiago  and  slight  shocks 
at  various  places  as  far  south  as  Concepcion. 

June  29,  1873. — Severe  shocks  were  felt  at  5  A.  M.  in  Venice 
and  Verona,  Italy,  and  the  country  north  of  those  cities.  The 
shocks  were  most  violent  about  Belluno,  fifty  miles  north  of 
Venice.  Here  several  persons  were  killed  ana  a  church  tower 
was  thrown  down.  In  all,  twenty-four  deaths  are  reported,  and 
a  large  amount  of  property  was  destn)yed.  Mr.  W.  Stark 
writos  from  Venice  to  the  London  Times,  as  follows  :  **  There 
were  fourteen  movements  in  all,  seven  forward  and  seven  back- 
ward, and  each  movement  occupied  a  second,  as  regular  and 
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even  in  its  beat  as  the  pendulum  of  a  clock,  and  with  the  last 
backward  movement  there  was  a  sudden  and  instantaneous  stop 
in  its  center :  the  earth  was  firm  once  more." 

July  3,  and  6,  1873. — Fresh  shocks  were  reported  at  Belluno 
and  vicinity. 

July  6,  1873. — A  distinct  shock  was  felt  throughout  western 
New^  I  ork  and  adjacent  portions  of  Pennsylvania  and  Canada. 
At  Buffalo  and  at  East  Otto,  N.  Y.,  light  shocks  were  felt 
about  4  A.  M.  and  a  few  minutes  before  7  A.  M. ;  but  the  most 
severe  shock,  and  the  one  most  widely  felt,  occurred  about  9.30 
A.  M.  This  was  felt  as  far  south  as  Wheeling,  West  Va. ;  at 
Erie,  Meadville  and  Titusville,  Pa. ;  at  numerous  points  in 
Chautauque,  Cattaraugus  and  Erie  Counties,  N.  Y. ;  at  Buffalo 
and  Lockport,  N.  Y.,  and  at  Georgetown,  St  Catharines,  Ham- 
ilton and  London,  Canada.  The  time  reported  at  the  several 
stations  varies  from  "about  9.12'*  A.  M.,  at  Hamilton,  to  "22 
minutes  before  10,"  by  one  observer  at  Buffalo.  The  majority 
of  the  reports  say  about  9.30.  There  is  even  greater  diversity 
of  opinion  as  to  the  direction  of  the  vibration.  A  writer  in 
the  buffalo  Courier  says :  "  It  commenced  with  a  shock  of 
considerable  violence,  a  tremor  succeeding  this  which  main- 
tained a  degree  of  uniformity  for  some  seconds,  and  finally  it 
died  away  gradually  into  an  almost  imperceptible  tremulous- 
ness.  There  are  different  opinions  as  to  the  direction  of  the 
wave,  and  the  time  it  lasted  is  variously  estimated  at  from 
twelve  seconds  to  a  minute.  Our  notion  is  that  it  continued 
some  twenty  seconds."  At  Lockport,  Fredonia,  Randolph  and 
Cattaraugus,  N.  Y.,  and  at  Erie,  Pa.,  a  rumbling  noise  was 
heard.     At  East  Otto,  N.  Y,  another  shock  was  felt  about 

11  A.   M. 

July  8,  1873. — A  severe  earthquake  was  felt  at  Valparaiso, 
Chile,  at  2.22  A.  M.  Considerable  damage  was  done  to  many 
houses  and  churches  and  some  few  lives  were  lost  by  falling 
walls.  In  Santiago  the  shocks  were  severe,  but  no  great  dam- 
age was  done. 

A  slight  shock  at  Halifax,  Nova  Scotia,  on  the 

same  forenoon. 

July  12,  1873. — Slight  shocks  in  Italy,  at  Rome,  Frosinone, 
Alatri  and  Paola. 

On  the  same  day  a  severe  earthquake  was   felt 

throughout  Nicaragua,  consequent  upon  the  eruption  of  Momo- 
tamba  volcano. 

July  15,  1873.— A  slight  shock  at  Napa,  Cal. 

July  16,  1878. — A  slight  shock  in  the  morning  at  Worcester, 
Mass.,  lastinor  about  five  seconds,  with  very  distinct  rumbling. 

Aug.  2,  1873. — A  slight  shock  about  10  P.  M.  in  Santa  F6, 
New  Mexico. 
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Aug.  17,  1873. — A  shock  about  9  A.  M.  in  Sharon,  Pa.,  last- 
ing ten  seconds. 

Aug.  29,  1873. — A  heavy  shock  of  earthquake  was  felt  at 
mission,  San  Jose,  California,  at  4  P.  M.,  but  resulting  in  no 
damage.  The  shock  was  quite  heavy  at  Kedwood  City  and 
other  towns  in  Santa  Clara  Valley,  but  was  very  slight  in  San 
Francisco. 

Sept  17,  1873. — A  sharp  shock  at  9.80  P.  M.  at  Lucca,  Italy. 

Sept  26,  1878. — The  weather  observer  at  Kingston,  Jamaica, 
repoi-ts  that  an  earthquake  was  felt  there  at  1.46  A.  M. 

Sept  30,  1878. — A  severe  shock,  lasting  about  40  seconds, 
was  felt  at  6.50  A..M.  at  the  Desert  on  the  (ratineau  in  Canada. 
The  same  shock  was  felt  at  St  Hyacinthe  and  by  a  few  per- 
sons in  Montreal 

Oct.  8,  1873. — A  slight  shock  at  7.46  A.  M.  at  Burkeville, 
Va.,  and  vicinity,  with  a  low  rumbling  noise. 

Oct  6,  1878.— A  shock  at  2.30  a.  U.  at  Lake  Village,  N.  H. 

Oct  10,  1873. — A  slight  shock  at  4.46  a.  M.*in  the  city  of 
San  Salvador,  Central  America. 

Oct  12,  1878. — A  shock  at  1.15  a.  m.  at  San  Diego,  Cal. 

Oct  13,  1873. — A  shock  occurred  on  the  Isthmus  of  Panama. 
The  following  is  condensed  from  the  Panama  Star  and  Uerald: 
"In  the  city,  the  shock  was  strongly  felt  about  6.05  P.  M.,  the 
night  being  dark  and  sky  overcast  It  lasted  four  or  five  sec- 
onds, and  was  felt  on  board  of  the  ships  in  the  harbor,  along 
the  line  of  the  railroad  and  at  Aspinwall.  A  correspondent 
writing  from  San  Pablo,  one  of  the  stations,  says:  *  We  had 
two  pretty  severe  shocks  with  an  interval  of  but  a  second  or 
two  between  them.  The  second  shock  was  mo.st  severe  and 
accompanied  by  a  rumbling  sound.'  In  Aspinwall,  the  sli(x*k 
was  felt  about  ten  minutes  later  and  more  severely  than  in 
Panama.  Most  people  agree  that  the  oscillations  proceeded 
from  southeast  to  northwest" 

Oct  19,  1873. — A  slight  shock  was  felt  about  2  P.  M.  at  Seat- 
tle, W.  T.,  "  and  at  4  o'clock  clouds  of  smok^  were  seen  pour- 
ing from  the  highest  peak  of  Mt  Ranier." 

Nov.  1,  1873. — A  cable  dispatch  announces  that  the  volcano 
of  Etna  is  in  a  state  of  violent  eruption.  It  states  that  the 
outbreak  is  accompanied  by  earthquakes,  and  that  portions  of 
the  crater  had  fallen  in,  destroving  mines  of  sulphur,  which 
were  valued  at  £300,000. 

Nov.  4,  1873. — Mr.  T.  L.  Clarke  kindly  sends  the  foUowirig 
report  of  an  earthquake  at  his  home,  Makawao,  Maui,  Hawaian 
Islands.  The  location  is  2170  feet  nbove  the  sea,  on  the  north 
slope  of  the  mountain  of  Haleakala. 

"Between  10  and  11  P.  M  four  distinct  shocks  of  the  *  can- 
non ball'  type,  preceded  by  faint  rumbling.     Apparent  direc- 
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tion  from  south  to  north  ;  duration,  four  seconds.  This  shock 
was  felt,  about  the  same  time,  on  the  island  of  Oahu,  about  100 
miles  distant  By*  cannon  ball'  is  meant  the  jarring  feeling 
without  oscillation." 

Nov.  4,  1878. — Two  distinct  shocks  at  Burlington,  Ver- 
mont, between  11.30  and  midnight 

Nov.  6,  1878. — Three  quite  severe  shocks  at  Austin,  Nevada. 

Nov.  18,  1878. — A  slight  shock  at  Bangor,  Me.,  in  the  night 

Nov.  22,  1873. — A  shock  was  felt  along  the  Pacific  coast 
and  vicinity,  from  Portland,  Oregon,  to  San  Francisco.  At 
these  extremes  the  shock  was  scarcely  perceptible.  It  was 
most  violent  at  Crescent  City,  California,  and  Port  Orford,  Or- 
egon (places  situated  on  the  coast  near  the  boundary  between 
California  and  Oregon.)  At  the  former  place  nearly  every 
brick  building  suffered  more  or  less  damage  from  cracked 
walls  and  falling  chimneys.  It  was  quite  heavy  at  various 
points  in  the  Coast  Eange  of  mountains,  the  severity  diminish- 
mg  north  and  south  from  the  neighborhood  of  the  State  boun- 
dary line.  The  duration  is  stated  at  20  to  80  seconds,  and  the 
time  a  few  minutes  past  nine  P.  M.  The  direction  appears  to 
have  been  from  a  pomt  between  north  and  northeast  It  was 
also  felt  at  sea  nortn  of  Cape  Mendocino.  At  Bed  Bluff  and  at 
Eureka,  California,  and  at  Albany,  Oregon,  two  shocks  were 
reported,  and  at  Roseburg,  Oregon,  a  **  roaring"  was  also  heard. 

i)ec.  8,  1878. — A  sharp  shock  in  Santa  Clara,  California. 

Dec  4,  1878. — Two  severe  shocks  in  the  morning  at  St 
Thomas,  West  Indies. 

Dec  10, 1^73. — A  slight  shock  reported  at  Camp  Stambaugh, 
Nebraska. 

Dec.  17,  1873. — A  smart  shock,  followed  by  a  rumbling 
noise,  between  11  and  12  P.  M.,  at  Victoria,  Vancouver's  Island. 

Dec.  18,  1878. — A  heavy  shock  at  sunrise  in  Bear  Lake  Val- 
ley, Utah. 

Dec  20,  1873. — A  shock  in  the  night,  lasting  ten  seconds,  at 
Victoria,  Vancouver's  Island. 

Jan.  5,  1874. — A  slight  shock  about  4  P.  M.  at  Ogdensburg, 
New  York,  and  vicinity.  It  was  also  felt  at  Rensselaer  Falls, 
where  it  was  attended  by  a  "  deep  rumbling  sound." 

Jan.  18,  1874. — Two  slight  shocks  in  San  Francisco. 

Jan.  25,  1874 — A  slight  shock  about  noon  at  Chelmsford, 
Massachusetts. 

Feb.  1,  1874. — Two  shocks  between  2.80  and  8  P.  M.,  at 
Rimouski  and  a  few  other  points  on  the  St  Lawrence  River. 

Feb.  6,  1874. — A  severe  shock  at  La  Guayra,  Venezuela, 
causing  much  injury  to  persons  and  property. 

My  thanks  are  due  to  E.  L.  Gaul  of  the  New  York  Times, 
for  information  received. 

New  Brunswick,  New  Jersey,  Feb.  24,  1874. 
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Art.  XXXV. — Geographical  and  Geological  ExplorcUions  and 
Purveys  West  of  the  lOOth  Meridian;  First  Lieut  Geo.  M. 
Wheeler,  Corps  of  Engineers,  in  charga 

The  labors  uf  the  Survey,  which  has  for  its  objects  examina- 
tions in  the  departments  of  astronomy,  topograpny,  meteorolo- 
gy, geology  ana  natural  history,  have  oeen  divided  into  two  dis- ' 
tinct  parts,  so  far  as  they  refer  to  the  field-season  of  1878.    The 
parties  have  been  engaged  in  the  following  political  divisions: 
Ist,  Colorado ;  2d,  New  Mexico ;  3d,  Arizona ;  4th,  Utah ;  Sth, 
Nevada ;  6th,  Montana.     The  first  part  or  main  division  in- 
cludes astronomical  work  at  the  main  field-stations,  which,  after 
having  been  prosecuted  across  a  sensibly  latitudinal  belt  of  coun- 
try, from  Omaha  to  San  Francisco,  will  gradually  be  developed 
laterally  into  what  might  be  termed  a  scheme  of  astronomical  tri- 
angulation.     At  each  of  the  stations,  bases  are  measured  upon 
which  are  founded  a  system  of  secondary  triangulation,  which 
is  further  extended  by  trigonometric  connection  over  specified 
areas.     Three  parties  connected  with  this  portion  of  the  work 
commenced  their  field  duties  June  1st     One  party,  which  was 
in  charge  of  John  BL   Clark,  astronomer,  took  station  at  the 
Mormon  observatory  in  Temple  square,  Salt  Lake  City.     Mr. 
Clark  was  assisted  by  two  soldiers  of  the  battalion  of  engineers. 
The  second  party,  under  Dr.  R  Kampf,  astronomical  observer, 
conunenced  operations  at  Georgetown,  Colorado.     Dr.  Kampf 
was  assisted  ty  one  civilian  as  recorder  and  by  two  engineer 
soldiers.     A  third  party,  in  charge  of  W.  W.  Maryatt,  assistant 
astronomical  observer,  recommenced  the  series  of  observations 
at  Green   River,  on   the  Union  Pacific  Railroad,   Wyoming, 
left  uniinished  in  1872.    Mr.  Maryatt  had  also  for  his  assistants 
one  civilian  reconler  and  two  engineer  soldiers.     Prof.  T.  H. 
Satford,  whose  services  had  tem{X)rarily  been  secured,  through 
the  courtesy  of  Major  Barlow,  Corps  of  Engineers,  took  charge, 
with  (hie  military  assistance,  of  astronomical  party  No.  4,  at 
Siiiita  Fe,  New  Mexico,  on  or  about  June  15th.     The  general 
chai>?e  of  the  constniction  of  the  astronomical  observatory  at 

^ele- 


loundation.  with  three  observing  rooms,  which  may  be  increased 
to  livo  in  number.  This  will  serve  as  a  central  or  connecting 
station  for  a  groat  share  of  the  area  between  the  49th  and  32d 
parallels  ol  hititude,  limited  on  the  east  by  the  continental  divide, 
anil  witli  the  irononil  Sierm  Nevada  trend  of  mountain  ranges 
as  a  wostoni  limit.     The  main  line  of  the  Western  Union  Tele- 
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•h  Company  now  connects  with  the  observatory,  and  with- 
difficulty,  lines  reaching  either  to  the  north  or  to  the  south 
be  obtained.  At  each  of  these  stations  a  heavy  stone  pier 
ected ;  also  other  stone  monuments  to  mark  the  meridian  of 
place.  Up  to  the  close  of  the  last  field-season,  twenty-four 
net  meridian  lines  have  been  determined  by  the  Survey  in 
rent  parts  of  our  western  country,  independent  of  the  large 
unt  of  astronomical  work  necessary  for  minor  checks, 
il  surveys  are  conducted  in  connection  with  this  class  of 
c,  and  the  results  are  to  be  incorporated  into  the  general 

• 

be  observations  necessary  for  the  accurate  determination  of 
astronomical  coordinates  of  the  following  positions  were 
pleted. 

einta  F6,  New  Mexico.  7.  Georgetown,  Colorado, 

ort  Union,  New  Mexico.  8.  Ogden,  Utah, 

rinidad,  Colorado.  9.  Winnemucca,  Nevada, 

abran,  near  Canon  City,  10.  Virginia  City,  Nevada. 

Colorado.  11.  Bozeman,  near  Ft.  Ellis,  Mon. 

olorado  Springs,  CoL  1 2.  Green  River,  Wyoming, 
hughes,  Colorado. 

may  be  hardly  necessary  to  add  that  the  sisals  for  the 
ituae  are  made  by  the  use  of  the  telegraph.  The  series  of 
rvations  required  for  latitude  and  longitude  work  are  by 
lid  of  the  best  class  of  field  astronomical  instruments,  ana 
results  already  computed  prove  that  the  probable  errors 
ined  are  a  minimum. 

he  second  main  division  of  the  Survey  consists  of  the  mov- 
field-parties.  Its  personnel,  in  addition  to  the  officer  in 
ge,  has  been  three  other  officers  of  the  Corps  of  Engineers, 
officers  of  the  line  of  the  army,  two  acting  assistant  sur- 
is,  one  hospital  steward,  seven  topographical  assistants,  three 
jorolo^ical  assistants,  three  geological  assistants,  one  miner- 
ist  and  three  natural-history  collectors.  Their  labora  com- 
ended  exhaustive  work  in  topography,  and  examinations  in 
ogy  and  natural  history,  so  far  as  the  administration  of  the 
ey  will  permit,  besides  a  series  of  general  meteorological 
rminations,  which  were  made  hourly  at  the  main  astro- 
ical  stations.  The  duty  of  making  sextant  astronomical 
rvations,  for  resultant  checks  to  topographical  positions, 
©legated  to  officers  of  the  Corps  of  Engineers  connected 

the  Survey. 

ar  points  of  departure  to  the  field  of  operations  were  three 
umber :  1st,  Salt  Lake  City ;  2d,  Denver,  Col. ;  3d,  Santa 
N.  M.  The  party  at  Salt  Lake  took  the  field  about  May 
..  The  duties  assigned  to  this  party  were  to  complete  cer- 
areas  upon  specified  atlas  sheets,  left  incomplete  in  1872. 
lough  meeting  with  many  physical  obstacles,  after  an  har- 
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rassinff  campaign,  they  accomplished  their  work  in  Utah,  and 
carried  out  the  duties  assigned  to  them  in  the  southern  part  of 
the  survey.  Their  topographical  notes  have  been  received  and 
are  already  in  the  hands  of  the  lithographer.  Lieut  R  L 
Hoxie,  Corps  of  Engineers,  had  charge  of  this  division.  Lieut 
W.  L.  Marshall,  Corps  of  Engineers,  had  charge  of  the  Colorado 
party.  This  party,  assisted  by  the  cooperation  from  the  south- 
em  portion  of  the  Survey,  has  accomplished  the  general  profile 
of  the  continental  divide,  from  the  latitude  of  Denver  to  the 
southeni  boundary  of  Colorado,  and  extended  the  survey  lat- 
erally, so  as  to  embrace  a  rectangular  area  limited  on  the  east  by 
the  l06th  meridian  west  from  Greenwich,  on  the  west  by  longi- 
tude 107  degrees,  north  by  the  latitude  of  Denver  ana  south 
by  the  southern  boundary  of  Colorado.  A  large  part  of  the 
expedition  was  massed  at  Santa  Fd,  and  took  the  field  between 
the  5th  and  10th  of  June,  for  the  purpose  of  connecting  with 
the  labors  of  the  expedition  of  1871,  and  to  carry  the  survey 
thence  eastward  as  far  as  the  Eio  Grande,  between  the  latitudes 
SS""  80'  and  35"*  20'  north,  completing  atlas  sheets  75,  76  and  83 
respectively,  and  portions  of  77  and  84.  The  several  moving 
field-parties  had  tor  escorts  enlisted  men,  from  seven  to  ten  in 
number  for  each  party,  drawn  from  the  military  departments  of 
Arizona,  the  Missoun  and  the  Platta 

While  the  field  operations  were  being  prosecuted,  thepersonnd 
of  the  ofiice,  consisting  of  three  draughtsmen  and  one  computer, 
has  also  been  kept  actively  engaged.  Astronomical  compu- 
tations have  also  been  made  daring  the  season  by  Prof  Wm.  A. 
Rogers,  of  Cambridge,  Mass.  The  areas  traversed  and  covered 
by  the  various  parties  will  exceed  70,000  souare  miles.  This 
covers  parts  of  Colorado,  Utah,  Arizona  and  New  Mexico,  and 
resulting  maps  are  to  be  completed  on  a  scale  of  one  inch  to 
eight  miles.  The  labors  of  the  season,  covering  as  they  do  large 
geographical  areas  heretofore  little  known,  will  add  most  val- 
uable new  and  interesting  facts  to  the  geography  of  our  west- 
ern country.  Among  the  most  remarkable  of  ttese  will  be  the 
approaches  to  the  cailon  of  the  Colorado,  in  the  vicinity  of  the 
Dirty  Devil  and  Sun  Juan  Rivers ;  also  features  of  the  Castle 
Valley  in  Utah.  These  fonn  part  of  the  Grand  Colorado  pla- 
teau and  present  uncommon  topographical  features.  In  the  vi- 
cinity of  the  Sierra  Blanca  Range  in  Arizona,  about  the  head 
waters  of  the  Little  Colorado  and  Salt  Rivers,  the  main  northern 
head  of  the  Gila  and  of  its  tributaries,  a  section  of  country 
both  novel  and  beautiful  in  its  physic.al  characteristics,  has  been 
entered.  A  large  part  of  this  territory  had  scarcely  been  trav- 
ersed by  any  adventurous  white  man,  at  least  we  have  no  re- 
corded information  to  that  effect  About  the  head  waters  of  the 
Colorado,  Chiquito  and  Salt  Rivers  a  system  of  parks  has  been 
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developed,  that  will  probably  be  found  to  equal,  in  beauty  and 
grandeur,  any  yet  discovered  upon  the  North  American  conti- 
nent within  the  limits  of  the  United  States.  This  little  known 
section  is  well  wooded,  bountifully  supplied  with  water,  and 
covered  with  a  rich  growth  of  the  buncn  and  gramma  grasses. 
The  Colorado  party  was  most  successful  in  its  topographical 
and  other  determinations,  over  an  area  of  nearly  20,000  square 
miles  in  Colorado.  Positions  have  been  determined  with  accu- 
racy, and  the  amount  of  topographical  detail  gathered  will 
supply  all  that  can  be  placed  upon  a  map  of  the  scale  intended. 
The  backbone  of  the  continent  within  the  latitudinal  areas  trav- 
ersed is  most  wonderfully  intricate  in  its  topographical  and  geo- 
logical forms.  The  collections  in  natural  history,  especially  in 
the  departments  of  ornithology  and  botany,  have  been  large,  and 
consist  of  many  rare  specimens.  They  are  now,  through  the 
kindness  of  the  Smithsonian  Institution,  in  the  bands  of  emi- 
nent specialists  and  scientists  for  examination,  and  reports  upon 
them  are  being  prepared. 

Publications. — During  the  present  year,  the  first  publication  of 
the  topographical  atlas  up  to  date  will  be  made.     This  com- 

? rises  several  physical  sheets,  and  covers  areas  of  more  than 
0,000  square  miles,  delineated  upon  a  scale  of  V  to  8  miles. 
A  part  of  the  geological  atlas,  for  which  material  has  been  gath- 
ered, it  is  hop^  will  be  published  in  due  tima  The  six  quarto 
volumes  prepared  for  publication  are  as  follows:  1.  General 
volume;  2.  Astronomical  report;  8.  Meteorological;  4.  Geo- 
logical ;  5.  Paleontology ;  6.  Natural  History.  Four  of  these 
volumes  are  now  well  advanced,  and  it  is  hoped  that  they  may 
all  be  published  within  the  coming  year.  Tney  will  embrace, 
besides  reports  of  certain  oflicers  and  assistants  of  the  Survey, 
special  reports  upon  paleontology  and  certain  natural  history  sub- 
jects, contributed  by  gentlemen  who  have  examined  the  fossils 
and  other  collections. 


Art.  XXXVL — On  a  Mass  of  Meteoric  Iron  of  Howard  Co.^ 
Ind. ;  with  some  remarks  on  the  molecular  structure  of  meteoric 
iron,  and  a  notice  concerning  the  presence  of  solid  protockloride  of 
iron  in  Meteorites;  by  J.  Lawrence  Smith,  Louisville,  Ky. 

The  mass  of  meteoric  iron  described  below  possesses  pecu- 
liar interest  from  the  fact  that  it  was  not  found  on  the  surface 
of  the  ground,  but  beneath  the  soil,  although  not  to  any  very 
great  depth.  In  1862,  a  farmer,  Mr.  E.  Freeman,  while  excava- 
ting a  ditch  in  Howard  County,  Indiana,  struck,  at  a  depth  of 
nearly  two  feet,  a  hard  mass  tnat  attracted  his  attention  ;  and 
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owing  to  its  unusual  weight,  he  preserved  it  The  earth  pene- 
trated consisted  of  stiff  clay  beneath  four  inches  of  black  sdl, 
so  that  the  mass  was  iml>edded  in  the  clay.  This  clay  was 
colored  by  oxide  of  iron,  arising  from  a  slight  decomposition  of 
the  surface  of  the  meteorite,  the  iron  being  one  of  those  that 
decomposes  but  slightly  from  atmospheric  agencies.  This  me- 
teorite was  lost  sight  oi  for  a  number  of  years,  having  fallen 
into  the  hands  of  those  not  interested  in  matters  of  natural 
history,  and  only  recently  was  sent  to  me  for  examination. 

The  form  of  the  meteorite  is  an  irregular  elongated  oval,  and 
it  has  the  indentations  of  the  surface  found  on  most  meteoric 
irons.  Its  weight  is  four  kilograms.  The  alteration  at  sur&ce 
is  very  slight,  considering  the  length  of  time  it  must  have  re- 
mained beneath  the  surface  of  the  soil,  and  fresh  cut  sur&ces 
retain  perfectly  their  brightness.     The  specific  gravity  is  7'82L 

The  composition  of  the  meteorite  is  as  follows : 

Iron 87-02 

Nickel 12-29 

Cobalt -66 

Phosphorus -02 

Copper a  trace. 

A  polished  surface,  when  treated  with  nitric  acid  or  bromine 
water,  does  not  give  the  slightest  indication  of  Widmanstattian 
figures,  so  characteristic  of  most  meteoric  irons.  It  hence  be- 
longs to  that  class  of  irons  which  are  rich  in  nickel  and  yet 
Sve  no  signs  of  such  figures,  to  which  belong  the  Cape  of  Good 
ope  iron  of  1793,  containing  15  per  cent  of  nickel  and  2*6  per 
cent  of  cobalt,  and  also  a  more  recent  California  iron,  called  the 
Shingle  Springs  iron,  containing  17  per  cent  of  nickel  and  -6  of 
cobalt  Of  the  same  kind  is  the  Octibbeha  meteorite,  containing 
the  very  large  amount  of  69*7  per  cent  of  nickel  Besides  the 
above,  there  are  certain  irons  containing  much  less  nickel  that 
are  also  without  these  figures,  as  the  Nelson  County,  Braunau,  etc 
The  phenomena  of  the  so-called  Widmanstattian  figures  in 
connection  with  meteoric  irons  is  one  of  considerable  interest, 
and  as  yet  escapes  a  satisfactory  explanation.  At  one  time  it 
was  supposed  to  arise  from  the  accumulation  in  the  lines  of  the 
figures  of  an  alloy  richer  in  nickel  than  the  mass  of  the  iron. 
Then,  again,  it  has  been  supposed  to  arise  from  the  accumula- 
tion of  a  phosphide  of  nickel  and  iron  (schreibersite),  along 
certain  lines  of  crystallization  in  the  mass.  But  neither  of 
these  hypotheses  serve  to  explain  the  varied  features  of  these 
figures,  or  the  total  absence  of  them,  as  in  the  present  instance. 
My  own  conviction  is,  that  we  shall  not  arrive  at  a  satisfactory 
explanation  until  our  knowledge  of  the  effect  of  a  minute 
quantity  of  foreign  substances  in  the  iron  is  better  understood 
than  now  ;  a  subject  which  both  pure  and  technical  chemistry 
are  now  studying  with  great  interest,  in  order  to  discover  how 
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&r  those  substances  usually  called  impurities  in  iron  are  to  be 
r^arded  as  hurtful  The  tendency  of  the  investigations  at  the 
present  time  is  to  show  that  these  supposed  impurities  may  all 
play  an  important  part  in  useful  modifications  of  iron,  when 
present  even  in  very  minute  quantities ;  and  I  would  state,  as 
the  result  of  my  observation  (and  one  bearing  upon  the  present 

auestion),  that  one  per  cent  or  less  of  phosphorus  so  far  modi- 
es  cast  iron  that  it  will  resist  the  action  of  concentrated  sul- 
phuric acid  to  a  greater  d^ree  than  when  entirely  free  from 
phosphorus.  This  tsct  explains  why  it  is  that  those  who  sep- 
arate silver  and  gold  by  what  is  known  as  the  sulphuric  acid 
Erocess,  have  to  make  trial  of  many  descriptions  of  cast  iron 
efore  they  can  get  one  well  adapt^  to  their  purpose ;  some 
cast-iron  vessels  oeing  destroyed  in  a  few  weeks,  wnile  others 
will  last  for  years.  It  is  true  also,  that,  besides  any  chemical 
property  which  the  trace  of  phosphorus  may  impart,  it  modifies 
to  a  certain  extent  the  physical  properties,  imparting  to  the  iron 
more  fluidity  when  in  a  melted  state,  and  furnishing  more  com- 
pact castings  My  present  conviction  in  regard  to  the  Wid- 
manstattian  figures  is  that,  in  the  consolidation  and  crystalliza- 
tion of  the  iron,  as  in  the  crystallization  of  all  other  substances 
containing  impurities,  there  is  a  tendency  to  eliminate  the  for- 
eign constituents,  to  the  exterior  portion  of  the  crystals ;  and, 
where  the  mass  becomes  a  conglomeration  of  crystals,  it  is  be- 
tween the  crystals,  and  contiguous  to  their  surfaces,  that  we 
shall  find  the  great  part  of  the  foreign  constituents,  mixed  with 
more  or  less  of  the  predominating  materials.  In  the  case  of 
iron,  we  often  see  this  in  a  very  marked  degree:  as,  for  instance, 
where  a  blast-furnace  has  been  chilled,  and  the  accumulated 
iron  at  the  bottom  passes  slowly  from  a  plastic  to  a  solid  condi- 
tion, there  the  iron  will  be  found  in  large  crystals  containing  a 
very  much  smaller  amount  of  carbon  than  in  that  usually 
produced  by  the  furnace,  the  carbon  having  been  eliminated  in 
the  form  of  flakes  of  graphite  between  the  crystals. 

To  apply  this  reasoning  to  meteoric  irons  (which,  according 
to  experiments  made  by  me  in  1852,  on  eighty  specimens,  ana 
verified  by  all  my  subsequent  analyses,  always  contain  phos- 
phorus), it  might  be  safel}r  premised  that,  should  the  iron  be 
consolidated  rapidly,  we  mignt  expect  such  a  diffusion  of  the 
phosphorus  as  to  give  no  marked  indications  in  any  parts  of 
the  mass.  If,  however,  the  iron  has  passed  slowly  from  the 
plastic  to  the  solid  condition,  we  mignt  expect  a  more  or  less 
perfect  elimination  of  the  phosphorus  in  certain  parts  repre- 
senting the  spaces  between  the  crystals  of  the  mass.  It  must 
not  be  supposed  that  its  complete  elimination  always  takes 
place  in  the  form  of  a  definite  compound  of  phosphorus  and 
iron,  but  that  the  portions  of  the  iron  forming  the  limits  of  the 
crystals  become  more  richly  charged  with  phosphorus,  from  the 
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center  to  the  circumference  of  the  crystals,  during  the  slow 
consolidation  of  the  latter.  The  result  of  this  phenomenon 
would  be  to  destroy  the  homogenous  character  of  tne  mass,  and 
consequently  to  render  its  different  parts  variously  susceptible 
to  the  action  of  chemical  agents.  Tnus,  an  acid  would  act  in 
one  part  on  the  iron  more  readily  than  in  another,  affecting  the 
least  that  part  containing  most  phosphorus,  even  though  this 
last  element  should  be  in  very  mmute  quantity,  and  so  produc- 
ing that  mottled  surface  in  the  lines  of  crystallization  known 
as  the  Widmanstattian  figures. 

Of  all  examples  of  the  separation  of  substances  in  the  forma- 
tion of  natural  compounds,  there  are  none  comparable  to  those 
exhibited  by  meteoric  irons,  in  which  elements  having  a  most 
remarkable  affinity  for  each  other  are  separated  the  one  from  the 
other  by  the  sharpest  possible  lines.  Of  course,  I  do  not  mean 
by  this  that  the  sulphur,  phosphorus  and  iron  of  a  meteorite 
are  completely  separated  the  one  from  the  other,  but  that  a  small 
portion  of  the  iron  will  combine  with  nearly  all  the  sulphur  and 
phosphorus  of  the  entire  mass,  segregating  in  clear  ana  distinct 
nodules,  and  in  a  manner  that  it  would  be  vain  for  us  to 
attempt  to  produpe  artificially. 

One  of  the  most  remarkable  forms  of  this  segregation  is 
where  the  sulphur  and  phosphorus  compounds  are  eliminated 
into  the  same  cavity,  as  was  first  shown  by  me  in  1852.  I 
have  in  my  possession  (and  the  same  may  be  K)und  in  other  cab- 
inets) several  examples  of  this.  The  last  one  which  has  come 
to  my  notice  is  that  of  the  iron  which  fell  in  South  Africa  in 
1862,  and  which  I  described  in  a  recent  number  of  this  Jour- 
nal. In  this  iron  there  is  an  oval  cavity,  two  and  a  half  centi- 
meters in  its  long  diameter ;  at  the  center  is  troilite  (sulphid  of 
iron),  filling  the  cavity  to  within  one  or  two  millimeters  of  the 
surface ;  and  between  the  exterior  surface  of  the  troilite  and 
the  inner  surface  of  the  cavity  is  a  thin  layer  of  schreibersite 
(a  phosphuret  of  iron  and  nickel  of  definite  composition) 
(Ni'Fe*P),  with  hardly  a  trace  of  sulphur.  In  other  places  in 
the  iron,  we  find  laminae  of  this  same  phosphuret,  of  greater  or 
less  thickness ;  nodules  of  troilite  are  also  frequently  found 
entirely  alone.  But,  it  may  be  asked,  what  of  tne  iron  which 
contained  this  large  amount  of  phosphorus  and  sulphur  dis- 
seminated through  the  mass?  Now  in  the  iron  proper  there  is 
to  be  found  only  a  trace.  In  the  Tazewell  iron,  for  instance, 
which  furnished  me  several  of  these  compound  nodules,  there 
is  but  '016  per  cent  of  phosphorus,  and  in  the  Arva  iron,  filled 
with  layers  of  schreibersite,  the  iron  itself  has  remaining  in  the 
mass  only  "019  of  one  per  cent ;  and  it  seems  to  me  impossible 
to  explain  such  perfect  elimination  of  phosphorus  and  sulphur, 
substances  having  so  strong  an  affinitv,  except  by  supposing  a 
long  plastic  condition  and  slow  consolidation  of  the  mass. 


N.  H.  WincheU  on  the  HamUion  in  Ohio,  895 

It  is  almost  needless  for  me  to  say  that  geologists  and  miner- 
alogists have  noticed  this  process  of  s^regation  in  a  vast  num- 
ber of  cases.  In  fact,  it  is  one  of  those  processes  which  assist 
in  a  conspicuous  manner  in  the  formation  and  separation  of 
rocks  and  minerals ;  and  I  only  give  to  it  greater  prominence 
here  from  the  fact  of  the  great  affinity  of  the  subtances  taking 

?art  in  the  production  of  this  phenomenon  in  meteoric  irons. 
*hese  views  are  put  forth,  not  so  much  to  give  expression  to 
positive  conclusions  on  this  subject,  but  rather  to  give  a  proper 
direction  to  the  method  of  studying  this  question. 

Solid  protochloride  of  iron  in  Meteorites, — In  1852  I  detected 
for  the  first  time  small  particles  of  solid  protochloride  of  iron 
in  the  Tazewell  iron ;  for,  although  the  exudation  of  a  deliaues- 
cent  salt  has  been  frequently  observed  on  the  surface  of  these 
irons,  it  has  always  been  found  due  to  a  liquid  perchloride, 
and  its  exact  source  in  the  iron  has  never  been  traced,  so  that 
many  have  supposed  that  this  perchloride  was  of  terrestrial 
origin.  But  the  discovery  of  the  solid  protochloride  in  the 
interior  of  the  mass  was  sufficient  to  establish  beyond  doubt 
that  the  chloride  formed  a  part  of  the  original  mass  of  meteor- 
ites. Since  that  time,  no  mention  has  been  made  of  a  further 
discovery  of  this  protochloride ;  and  it  is  only  within  a  few 
months  that  I  found  it  a  second  time,  in  the  meteoric  iron  from 
Rockingham  County,  North  Carolina.  It  was  in  the  form  of  a 
small  green  mass  After  removing  it  from  the  interior  of  the 
iron,  a  small  portion  of  it  was  used  for  a  qualitative  analysis, 
and  the  remainder  placed  in  the  hands  of  Pro£  Daubrde,  of  the 
School  of  Mines  at  Paris.  With  these  remarks  I  conclude  all 
that  I  have  to  say  in  this  chapter  on  the  chemical  study  of  this 
interesting  class  of  bodies,  which  link  the  earth  to  distant  cos- 
mical  bodies. 


Art.   XXX VIL — On  the  Hamilton  in   Ohio;   by  N.   H. 

WiNCHELL. 

The  following  summary  is  taken  from  a  report  on  Paulding 
County,  in  northwestern  Ohio,  written  for  the  Geological  Survey 
of  that  State.  In  the  progress  of  the  survey  of  Delaware 
County,  some  evidence  was  obtained  of  the  Hamilton  age  of  the 
whole  of  the  blue  limestone  of  that  county,  but  not  such  as 
placed  an  opinion  beyond  the  limit  of  doubt  Hamilton  fossils 
are  found  in  it  in  various  places.  The  same  is  true  of  its  ex- 
posures in  Marion  and  Seneca,  and  at  Bellevue  in  Sandusky 
County.  But  in  Paulding  County  the  closest  attention  was  paid 
to  the  solution  of  the  question,  "  Do  Hamilton  fossils  extend 
through  the  whole  of  the  blue  limestone?"  a  question  pro- 
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poanded  b^  the  Director  of  the  Burvey,  for  the  parpose  of  test- 
iDg  the  evidcDca  It  is  deemed  best  here  to  present  a  geoerel 
section  of  the  rooks  of  Paulding  and  Defiance  Counties,  in  order 
to  express  clearly  the  position  of  the  beds  that  have  furnished 
the  writer  the  only  Hamiiton  fossils  found  in  northwesteni 
Ohio.  This  section  agrees  in  all  its  details  with  that  of  Dela- 
ware County,  except  the  attenuation  here  of  the  Olentangy 
shale  of  Delaware  County.  Indeed,  this  shale,  which  in  the 
Report  of  Progress  for  1869  is  r^arded  Hamilton,  is  seen  to  be 
entirely  wanting  in  most  places  iu  Defiance  County,  the  thin, 
tou^h,  Black  Shale  layers  lying  immediately  on  the  hard  beds 
of  the  TuUy  limestone. 

Diagram  tliowing  a  ateihn  0/ ^  roda  of  Pamilng  and  Z)ifiaiu»  dmntitt,  OMo. 
No.t.  £Mn»t«Ai)Ie,  of  tbeOUo  Reports.     No.  3.  Bluish 
shale,  local ;  the  Oteniangn  Aale  of  Delaware  CouDt;r- 
No.  3.  Hard,  dark-blue  eilioeous  limeatoDe,  the  niflir 
KnustoiM  of  New  Tork.     No.  4.  Blue  limMtooe ;  the 
whole,  includiDg  the  lowest  obeerred  part  of  this, 
holds  Hamilton  foBsiU,  the  fianilionlunedi'iM  of  New 
Tork,     No.  S.  Saccharoidal,  Tery  fossiliteroui  llme- 
■toDe :  the  Delhi  bedi  of  Delaware  Count}' ;  the  Oorr^f-    ' 
ermu  limettme  of  New  York.     No.  6.  Buff,  magne-  " 
aian  limeatooe ;   the  upper  half  la  in  thin  beds ;  the 
Onondaga  timeaUmt  of  New  York.     No.  1.  SandBtone ;  con^meritic  in  Dela- 
ware County ;  the  Oriikany  at  New  York.     No.  S.  Heavy-bedded,  magtieaiaD 
Unestone i  "phase  No.  S,"  of  the  Watertima;  Ottawft  Coun^.     No.  9.  lUii, 
wavy,  compact  beds,  "  phase  Na  3,"  of  the  Water-Umt;  Ottawa  Coun^. 

No  1  of  this  section  does  not  appear  in  Paulding  County, 
except  in  the  form  of  floating  pieces  transported  with  the  Drifl 
It  is  fully  described  in  reports  on  other  counties. 

No.  2  appears  in  the  Tiffin  River  at  Brunersburg,  where  it 
embraces  a  sbaly  limestone  which  crumbles  under  the  weather. 
Such  limestone  is  in  detached  lunips  and  lenticular  masses.  It 
is  washed  out  of  the  shale  near  Waldo,  in  Marion  County,  by 
the  force  of  the  water  of  the  Olentangy,  where  it  falls  over  a 
dam.  It  is  entirely  uofassiliferous,  as  well  as  the  shale  in 
which  it  lies.  In  northwestern  Ohio,  No.  2  is  very  much  re- 
duced from  its  observed  thickness  in  Delaware  County  (30  feet), 
and  is  usually  altogether  wanting.  It  is  evenly  but  very  thinly 
bedded,  and  is  closely  related  to  the  Huron  shale  (No.  1),  with 
which  it  is  interstralified  in  Delaware  County. 

No.  3 — This  holds  the  place  and  exhibits  most  of  the  char 
actors  of  the  TuUy  limestone  of  New  York.  Its  identity  is 
not  established  on  paleontolo^ical  evidence.  It  is  quarried  at 
Florida,  on  the  Maumee,  and  by  Mr.  Dilz,  near  Defiance,  At 
the  former  place,  it  is  immediately  overlaid  by  the  Black  Shale. 
Its  thickness  is  8-10  feet 

No.  4  has  a  thickness  in  Delaware  County  of  thirty-five  feet, 
and  probably  it  will  not  vary  very  much  from  that,  on  the  west 
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side  of  the  anticlinaL  There  are  no  exposures  in  these  counties 
favorable  for  learning  its  aggregate  thickDess.  In  the  season 
of  1871,  a  collection  of  fossils  characteristic  of  the  Hamilton 
was  made  in  the  northeast  ^  sec  SO,  Auglaize,  in  Paulding 
County.  The  species  here  gathered  were  those  already  enume- 
rated in  the  description  of  the  outcrop  at  that  placa*  Time 
was  not  sufficient  then  for  determining  certainly  the  relation  of 
this  stone  to  the  rest  of  the  blue  limestone.  In  the  season  of 
1872,  this  point  was  made  the  subject  of  careful  investigation. 
The  result  arrived  at  was  the  conclusion  that  the  beds  which 
hold  these  Hamilton  fossils  are  very  near  the  bottom  of  the 
blue  limestone.  The  evidence  is  not  that  of  actually  observed 
superposition,  but  that  which  is  based  on  a  series  of  observa- 
tions, along  the  Auglaize  Valley,  on  the  dip  of  the  underlying 
rocka  It  is  a  very  observable  fact  that  the  limestones  of 
northwestern  Ohio  are  very  evenly  and  regularly  laid  down, 
and  have  not  been  so  disturbed  by  any  force  as  to  introduce 
exceptional  or  even  extraordinary  dip,  in  any  direction  or 
decree.  In  passing  along  the  valleys  of  any  of  the  streams 
that  expose  the  rock,  this  fact  is  very  apparent  The  formations 
succeed  each  other  in  perfect  conK>rmity  with  the  known  gen- 
eral dip.  It  is  so  in  Paulding  County.  The  Water-lime,  the 
lowest  in  the  series  of  rocks  m  the  county,  occupies  the  most 
southerly  part  of  the  county.  Its  upper  horizon  unites  with 
the  Oriskany  at  Charloe.  The  dip  is  very  slight,  but  to  the 
north.  In  regular  order,  and  a  little  farther  north,  the  Onon- 
daga beds  of  the  Corniferous  group  appear.  Next,  the  Comif- 
erous  proper  appears  at  the  mouth  of  the  Flatrock,  with  dip 
northeast  About  three-quarters  of  a  mile  still  farther  nortn 
occurs  the  outcrop  which  holds  the  abundant  Hamilton  fossils, 
the  dip  there  being  in  the  same  direction  and  to  the  same 
amount  This  is  at  the  mouth  of  the  Little  Flatrock.  A  half 
mile  still  farther  north  is  Mr.  Mead's  quarry  in  the  blue  lime- 
stone of  Delaware,  the  dip  being  the  sama  A  few  rods  still 
farther  north  is  Mr.  Columbia's  quarry,  in  the  beds  of  the  same, 
or  nearly  the  same,  horizon.  About  three-quarters  of  a  mile 
still  farther  north,  the  blue  limestone  is  again  quarried,  sec. 
17,  Defiance,  Defiance  County,  where  the  dip  is  still  north  or 
northeast  About  a  mile  and  a  half  still  farther,  the  Tully 
limestone  comes  into  view,  and  is  wrought  by  Mr.  Dilz  for 
lime.  A  mile  still  fieirther,  the  Black  Shale  appears.  Through- 
out the  whole  of  this  distance,  there  is  no  return  of  the  strata  by 
an  exceptional  dip.  The  beds  occur  in  exactly  that  order  they 
should  nave  if  laid  regularly  down,  like  the  shingles  on  a  roof. 

*  They  are  Atrypa  reticularia^  Cyrtia  HamiHonensia^  a  handsome  Orthia^  Spirif&r 
mueronatuSy  Spirifeir  (a  large  species  resembling  S.  macrothyria  H.)  JhrebnUula^ 
Strophcme/Mj  OycUhophyUum^  AtUopora^  CcUopora^  and  various  fine  incrusting 
corals. 
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The  inference  is  inevitable  that  the  lowest  layers  occur  in  oat- 
crop  farthest  south.  Now,  as  there  is  no  blue  limestone  ex- 
posed to  the  south  of  the  mouth  of  the  Little  Flatrock,  and 
since  there  are,  on  the  other  hand,  abundant  exposures  to  the 
north,  the  dip  being,  as  stated,  constantly  to  the  north,  the  rock 
at  the  Little  Flatrock,  containing  the  Hamilton  fossils  men- 
tioned, must  lie  below  the  rest  of  the  blue  limestone  observed, 
and  very  near  the  bottom  of  that  formation.  There  can  be  no 
other  evidence  except  that  of  actually  observed  superposition. 
The  writer  did  not  give  strict  attention  to  the  subject  of  the 
downward  limitation  of  well-known  Hamilton  fossils  in  the 
survey  of  any  other  county,  having  r^arded  the  uniformity  of 
lithological  characters  suficient  to  establish  the  essential  unity 
of  the  whole  of  the  blue  limestone,  and  never  having  noticed 
a  lack  of  corresponding  uniformity  of  paleontolo^ical  charac- 
ters. These  latter  were  sufficient  to  indicate  the  Hamilton  age 
and  the  perfect  parallelism  of  the  blue  limestone  with  the 
Hamilton  limestone  of  the  adjoining  State  of  Michigan. 

No.  6  is  that  which  is  seen  in  the  Auglaize  near  the  mouth 
of  the  Flatrock.  It  is  much  different  from  the  blue  limestone 
in  lithological  characters.  It  is  not  so  hard,  nor  so  dark-colored. 
The  beds  are  generally  of  about  the  same  thickness  as  those 
of  the  blue  limestone,  but  much  less  uniform.  They  are  apt 
to  taper  toward  the  right  or  left,  and  appear  as  lenticular  pieces. 
Their  upper  surfaces  are  also  roughened  by  prominent  fossil 
corals.  The  rock  is  much  freer  from  argillaceous  matter  than 
the  blue,  and  makes  a  whiter  quicklime.  It  is  sometimes  cri- 
noidal ;  and  its  mural  faces  in  Delaware  County  present  an  ap- 

{)arently  massive  structure,  with  crumbling  surfaces,  the  pieces 
ailing  out  being  an  inch  or  two  in  diameter.     Its  thickness  is 
about  twenty-eight  feet 

No.  6  has  a  thickness  of  about  thirty  feet.  Its  upper  por 
tion  is  thin-bedded,  and  fit  only  for  quicklime.  Its  lower  por- 
tion is  in  heavy  beds  of  twelve  or  fifteen  inches,  and  is  in 
some  places  a  prized  building  stone.  It  is  of  uniform  grain 
and  composition,  being  non-fossiliferous,  and  is  susceptible 
of  being  cut  or  sawn  into  blocks  of  any  desired  dimensions. 
It  often  passes  for  a  sandstone,  and  has  a  light  cream  color 
when  weathered. 

No.  7  is  perhaps  ten  feet  thick ;  but  only  six  inches  have 
been  seen  in  Paulding  County.  It  is  sometimes  conglomeritic. 
Several  large  boulders  derived  from  it  were  seen  in  the  bed  of 
the  Maumee,  near  Emerald. 

No.  8  is  from  six  to  ten  feet  in  thickness.  The  quarry  at 
Charloe  is  in  No.  8. 

No.  9  is  in  wavy,  or  at  least  in  distorted,  bedding,  a  common 
feature  of  that  phase  of  the  Water-lime. 


J.  &  Newberry  an  the  I^ignites  and  Plant-Beds,  etc.       899 


Abt.  XXXVm.— On  the  Lignites  and  Plant-Beds  of  Western 

America;  by  J.  S.  Newberry. 

In  the  Geological  Report  of  Prot  F.  V.  Hayden  for  1872,  Mr. 
Leo  Lesquereux  gives  a  comprehensive  review  of  the  fossil  flora 
found  associated  with  beds  of  lignite,  in  various  localities 
through  the  western  portion  of  our  continent  The  views 
advanced  in  this  paper  are  so  inconsistent  with  the  facts  ob- 
served by  myself  that  I  venture  to  call  in  question  the  accu- 
racy of  some  of  them.  By  Mr.  Lesquereux,  much  the  greater 
part  of  the  fossil  plants  found  at  the  west  are  referred  to  the 
Eocene,  whereas,  to  my  certain  knowledge,  a  considerable  por- 
tion of  the  flora  which  he  calls  Eocene  is  Cretaceous,  and 
another  considerable  portion  is  of  Miocene  age.  This  ques- 
tion will  be  discussed  in  a  report  on  the  fossil  plants  of  New 
Mexico,  Dakotah,  Oregon,  etc.,  which  I  am  preparing  for  Prof 
Hayden,  and  I  will  now  only  allude  to  some  of  the  fiicts  which 
are  incompatible  with  Mr.  Lesquereux's  viewa 

The  earliest  and  best  known  of  the  plant-beds  of  the  far  west 
are  those  of  the  region  of  the  plains,  in  Nebraska,  Kansas  and 
the  Indian  Territory,  of  which  those  of  Black  Bird  Hill,  Fort 
Harker,  Walnut  Creek  and  Whetstone  Creek  may  be  taken  as 
examples  These  were  at  first  pronounced  by  Prof  Heer  to 
be  Miocene,  and  in  this  view  he  was  defended  by  Mr.  Les- 
quereux, while  I  asserted  that  they  were  Cretaceous.*  It  is 
now  universally  conceded  that  the  latter  view  was  correct 
From  this  horizon,  we  have  obtained  a  large  number  of  fossil 
plants,  and  this,  the  first  angiospermous  flora  known,  has 
proved  to  be  of  great  richness  and  interest  It  has,  however, 
passed  out  of  discussion,  and  reauires  no  further  notice  here. 

Daring  my  explorations  of  New  Mexico  and  Arizona,  I 
found  beds  of  lignite  at  various  localities ;  those  of  the  San 
Juan,  for  example,  attaining  a  thickness  of  from  thirty  to  fifty 
feet.  With  these  lignites  are  many  fossil  plants.  Dr.  Hayden, 
who  in  1869  made  a  reconnaissance  as  far  south  as  Santa  Fe, 
touching  these  plant-beds  on  Galisteo  Creek,  referred  them  to 
the  Tertiary.  Following  him,  Mr.  Lesquereux  has  reported  all 
the  New  ilexican  lignite  and  plant-beds  to  be  of  Eocene  Ter- 
tiary age.  Having  spent  nearly  two  years  in  this  region,  con- 
stantl}'^  occupied  in  the  study  of  its  geology,  I  feel  authorized 
to  state  that  all  the  lignite  beds  yet  known  in  New  Mexico  are 
unmistakably  of  Cretaceous  aga  Fossil  plants  are  found  at 
several  difierent  horizons  in  the  Cretaceous,  but  none  whatever 
in  the  Tertiary.     In  fact,  the  only  Tertiary  strata  known  in 

*  This  Journalf  yoL  xxviii,  p.  85 ;  xzix,  pp.  208,  434. 
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New  Mexico  are  the  chalky  fresh-water  marls  deposited  in 
basins  of  the  present  topography,  and  without  fossil  plants. 

The  lignites  of  Colorado,  which  are  so  largely  developed  in 
the  Raton  Mountains,  at  Trinidad,  Grolden,  Marshall's,  etc.,  have 
been  studied  by  Mr.  Lesquereux  in  place,  and  by  him  they, 
with  their  associated  plant-beds,  are  regarded  as  constituting 
typical  examples  of  our  American  Eocene  deposits.  As  I  have 
not  visited  that  portion  of  Colorado  where  this  great  lignite 
formation  is  exposed,  I  will  not  venture  to  deny  the  truth  of 
the  conclusions  arrived  at  by  Mr.  Lesquereux.  I  may  say, 
however — 1st,  That  the  flora  of  these  Colorado  lignite-beds  has 
almost  nothing  in  common  with  that  of  the  European  Eocene. 
Its  botanical  aspect  is  certainly  entirely  diflferent,  and,  in  my 
judgment,  not  a  single  species  and  scarcely  any  genera  are 
found  in  both.  2d,  That  the  tuberculated  fucoid  [Halymenitesy 
considered  by  Mr.  Lesquereux  as  diagnostic  of  the  Eocene,  is 
in  New  Mexico  the  most  characteristic  fossil  plant  of  the  Crt- 
iaceous  sandstones.  Sd,  That  Profs.  Meek,  Marsh,  Cope  and 
Stevenson,  guided  by  the  molluscous  and  vertebrate  remains 
found  in  the  Coloracio  lignite  deposits,  consider  them  Upper 
Cretaceoua 

The  age  of  the  lignites  of  Wyoming  and  Utah — of  Carbon 
Station,  Rock  Springs,  Coalville,  Hallville,  Evanston,  Bear 
River,  &c., — ^has  been  discussed  at  length  bj  Messrs.  King, 
Emmons,  Meek  and  Cope.  While  it  is  admitted  by  all  that 
there  are  wide-spread  Tertiary  deposits  in  Wyoming  and  Utah, 
and  some  of  them  contain  lignite  and  fossil  plants,  it  is  claimed 
and  apparently  proved,  by  the  gentlemen  whose  names  are 
cited  aoove,  that  the  lignites  of  the  localities  named  are 
Cretaceous.* 

In  regard  to  the  Bitter  Creek  lignites,  Mr.  Meek  shows  that 
the  evidence,  if  not  conflicting,  is  at  least  indecisive  of  their  age. 

The  strata  of  Wyoming,  which  contain  the  newlj''  discovered 
and  wonderful  vertebrate  fauna  described  by  Profs.  Leidy, 
Marsh  and  Cope,  are  thought  by  these  gentlemen  to  be  clearly 
Eocene.  But,  tliough  so  rich  in  animal  remains,  they  contain 
few  plants,  and  these  throw  little  light  on  the  discussion.  The 
Green  River  plant-beds  are  placed  by  Mr.  Lesquereux  in  the 
Miocene;  but  a  small  group  of  plants  which  I  have  from  these 
beds  includes  palms  {Alanicaria)  and  other  plants  not  found 
elsewhere  in  the  Miocene  of  America.  Mr.  Lesquereux  is  dis- 
posed to  regard  palms  as  diagnostic  of  Eocene,  but  they  are 
common  enough  in  the  Miocene  of  Europe,  and  they  should 
have  grown  in  Wyoming  when  the  luxuriant  Miocene  flora 
covered  Alaska  and  Greenland. 

*  A  very  comprehensive  review  of  the  question  is  given  by  Mr.  F.  B.  Meek  in 
the  chapter  of  Prof.  Hajden's  Report  which  succeeds  the  paper  of  Mr.  Lesquereux. 
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From  tbe  great  lignite  basin  of  the  Upper  Missouri,  a  large 
number  of  fossil  plants  have  been  brought  to  me  by  Prof  Hay- 
den,  the  Sully  expedition  and  others.  Many  oi  these  have 
been  already  described,  and  the  flora  which  they  represent  I 
have  pronounced  Miocena*  In  the  review  to  which  I  have 
alluded,  Mr.  Lesquereux  refers  all  the  plants  from  the  Upper 
Missouri  lignite-beds  to  the  Lower  Eocene.  This  conclusion  I 
am  unable  to  accept,  from  the  &ct  that  the  gene)*al  facies  of 
the  Missouri  lignite-flora  is  altogether  unlike  that  of  the  Euro- 
pean Eocene,  and  it  is  identified  with  the  Miocene  flora  of 
Arctic  America,  Iceland,  the  Hebrides  and  Central  Europe, 
by  most  of  its  genera  and  by  a  considerable  number  of  well- 
marked  identical  species.  It  also  contains  some  species  which 
are  living  at  the  present  day.  Among  these  latter  may  be 
mentioned  our  deciduous  cypress  (Taxodium  distichum)  and  the 
sensitive  fern  {Onocka  sensibUis).  This  fern  also  occurs  in 
Greenland,  and  is  that  described  by  Edward  Forbes,  from  the 
plant-beds  of  the  Island  of  Mull,  under  the  name  of  biliciUs 
Hebridicus,  Among  the  plant's  common  to  the  Upper  Missouri 
lignite-beds  and  other  well  known  Miocene  deposits,  are  Corylus 
McQuarrii  Forbes,  Olyptostrchus  EurcmcBus  TJng.,  Seqiuoia  Nor- 
denskioldi  Heer,  Carya  Anliquorum  Newb.,  (—Juglans  nigella 
Heer),  Populus  cordata  Newb.,  (=P.  Zaddachi  Heer),  'faxius 
occidenialis  Newb.,  Thuia.  iiitemipta  Newb.,  etc. 

The  coals  and  fossil  plants  of  Vancouver's  Island  are  stated 
by  Mr.  Lesquereux  to  be  of  Tertiary  age ;  but  the  evidence 
that  they  are  Cretaceous  is  overwhelming.  Some  of  the  species 
found  in  the  locality  were  at  first  supposed  by  Prof.  Heer  and 
Mr.  Lesquereux  to  be  identical  with  European  Miocene  species, 
but  we  now  know  that  this  identification  was  made  upon  insuf- 
ficent  evidence.  Among  the  fossil  plants  which  I  nave  seen 
from  Vancouver's  Island,  there  is  only  one  which  I  can  cer- 
tainly identify  with  a  species  found  elsewhere,  and  that  is 
Sequoia  Reichenbachi,  which  occurs  in  numerous  localities  in 
the  Cretaceous  of  Europe  and  in  the  Arctic.  The  Cretaceous 
age  of  the  Vancouver  coal  was  known  to  me  as  early  as  1858, 
when  I  received  the  first  collections  made  there  by  the  late  Mr. 
George  Gibbs,  and  it  was  demonstrated  in  the  paper  on  the 
fossils  collected  by  him,  published  in  the  Proceedings  of  the 
Boston  Natural  History  Society,  in  1863.  Interstratified  with 
and  overlying  the  beds  of  coal  at  Nanairao,  are  strata  contain- 
ing great  numbers  of  well  marked  Cretaceous  mollusks,  Am- 
m*mtfes,  Baculites,  Inoceramus^  etc.  With  our  present  knowl- 
edge of  paleontology,  very  few  geologists  would  consider  the 
question  of  the  age  of  strata  which  contain  these  genera  open 
to  discussion. 

*  **  Our  Later  Rxtinct  Floras  "—Annals  Ljc.  Nat  Hist,  N.  T.,  voL  iz,  1868. 
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The  plant-beds  of  Bircb  Bay,  from  wbich  collections  were 
made  by  Prof.  Dana,  wben  connected  witb  the  U.  S.  Exploring 
Expedition  ;  those  of  Burrard  Inlet,  and  those  of  Eastern  Ore- 
gon, from  which  such  extensive  collections  have  been  made  by 
the  Rev.  Thomas  Condon,  are,  in  my  judgment,  all  Miocene. 
The  same  may  be  said  of  those  of  AlasKa  and  McKenzie's 
Biver ;  at  least,  in  all  these,  as  well  as  in  those  of  the  Upper 
Missouri,  we  find  species  which  recur  in  Greenland,  Iceland 
and  continental  Europe,  in  what  has  been  universally  called 
the  Miocene  flora. 

The  Eocene  flora  of  Europe,  as  exhibited  in  the  Island  of 
Sheppey,  at  Monte  Bolca,  etc.,  has  a  distinctly  tropical  and 
Indo- Australian  character ;  and  we  must  say  that,  up  to  the 
present  time,  no  similar  group  of  plants  has  been  found  in 
America.  In  a  botanical  point  of  view,  therefore,  we  are  quite 
safe  in  the  statement  that  the  Eocene  flora  has  not  yet  oeen 
recognized  in  this  country.  Looking  at  the  question,  however, 
from  a  geological  stand-point,  it  assumes  a  somewhat  different 
aspect  It  is  certain  tnat  we  find  on  this  continent  Tertiary 
deposits  which  correspond  in  position  with  the  Eocene  of  the 
Old  World,  and  these  contain  many  Eocene  mollusks.  If, 
now,  fossil  plants  were  found  associated  with  these,  we  should 
be  compelled  to  regard  them  as  forming  an  Eocene  flora,  what- 
ever their  botanical  character  might  be ;  just  as  our  Cretaceous 
flom  is  none  the  less  Cretaceous,  though  somewhat  more  closely 
allied  to  the  Tertiary  flora  than  are  the  plants  found  in  the 
Cretaceous  of  Europa  Yet  we  find,  with  our  Cretaceous  plants, 
great  numbers  of  well  marked  Cretaceous  animal  fossils,  and 
these  have  very  properly  outweighed  the  modern  facies  of  our 
Cretaceous  flora,  but  have  we  found  in  or  with  the  plants, 
supposed  by  Mr.  Lesquereux  to  form  our  Eocene  flora,  any 
satisfactory  internal  or  external  evidence  of  their  Eocene  age — 
that  is,  have  we  among  them  any  unmistakable  Eocene  plants 
or  associated  with  them  any  unmistakable  Eocene  mollusks  or 
vertebrates  ?  So  far  as  regards  the  central  and  western  portions 
of  the  continent,  I  should  say  we  had  not.  In  the  plant-beds 
which  I  have  regarded  as  Miocene,  the  whole  aspect  of  the 
flora  is  that  of  the  Miocene  of  Europe,  and  it  contains  a  very 
considerable  number  of  well  marked  Miocene  species,  and  not 
one,  so  far  as  I  know,  which  deserves  to  be  called  Eocene.  The 
lignites  and  plant-beds  of  New  Mexico  which  I  have  called 
Cretaceous,  but  which  are  referred  by  Mr.  Lesquereux  to 
the  Tertiary,  are  for  the  most  part  derived  from  the  lower 
portions  of  our  Cretuceous  series,  and  are  overlaid  by  many 
hundred  feet  of  strata  unquestionably  Cretaceous,  in  which  all 
the  typical  forms  of  Cretaceous  animal  life  are  abundantly 
represented.     Whether  the  great  lignite  deposits  of  Colorado 
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should  be  considered  Tertiary  or  Cretaceous,  it  is  perhaps  not 
jet  possible  to  decide  ;  but,  in  the  absence  of  any  distinctive 
or  unmistakable  Eocene  plants,  if  the  strata  which  contain 
them  shall  be  found  to  include  vertebrates  or  moUusks  which 
have  a  decidedly  Mesozoic  character,  we  shall  be  compelled  to 
include  them  in  the  Cretaceous  systeuL  Mr.  Lesauereux  has 
met  the  statements  of  Profs.  Meek,  Cope  and  Marsh,  that 
Cretaceous  moUusks  had  been  found  in  and  overlying  the 
Colorado  lignite  deposits,  by  pointing  to  his  250  species  of 
fossil  plants,  claiming  that  they  far  outweigh  the  testimony  of 
the  animal  remains.  In  fact,  however,  these  fossil  plants  have 
very  little  bearing  on  the  question.  They  are  probably  all 
distinct  from  European  Cretaceous  and  Eocene  species,  and  the 
genera  to  which  they  are  supposed  to  belong  afford  only  nega- 
tive evidence  of  the  strata  tnat  contain  them.* 

It  is  by  no  means  insisted  that  we  must  find  in  America  the 
plants  of  the  European  Eocene,  before  we  can  be  said  to  have 
an  Eocene  flora,  since,  during  the  Eocene  period,  the  physical 
geography  of  Europe  was  such  as  to  give  it  a  very  different 
flora  from  any  that  ever  grew  on  the  North  American  continent. 
During  the  depositioYi  of  the  Eocene  strata,  the  great  mountain 
barrier  which  extends  from  the  Bay  of  Biscay  to  the  China 
sea — formed  by  the  Pyrenees,  Alps,  Carpathians,  Caucasus 
and  Himalayas — existed,  if  at  all,  only  in  embryo.  The  Medi- 
terranean communicated  with  the  Indian  Ocean,  the  south 
shore  of  Europe  was  washed  bv  a  tropical  sea,  and  the  land 
was  covered  with  a  sub-tropical,  fndo-Australian  flora.  When, 
however,  the  great  mountain  barrier,  to  which  I  have  referred, 
was  raised,  these  Austral  influences  were  cut  off",  the  climate  of 
Europe  was  rendered  temperate,  and  the  surface  was  gradually 
covered  with  a  temperate  flora  which,  because  it  included  a 
large  number  of  American  plants,  Liriodendron^  Liquidambar^ 
Magnolia^  &c.,  we  may  call  the  Americaji  flora.  This  was  the 
flora  of  the  Miocene,  of  which  we  have  illustration  in  the 
fossil  plants  of  Fort  Union  in  Dacotah,  Greenland,  Iceland, 
Oeningen,  &c.  This  flora  seems  to  have  possessed  Europe  up 
to  the  advent  of  the  ice  period.  By  the  advancing  cold,  it  was 
driven  to  the  shores  of  the  Mediterranean,  and  there  extermi- 
nated. When  the  glaciers  were  withdrawn,  and  a  milder  cli- 
mate supervened,  Asiatic  plants  seem  to  have  come  in  and 
taken  possession  of  the  vacant  territory.  In  our  country,  the 
history  of  our  vegetation  shows  no  such  vicissitudes.  From 
the  close  of  the  Triassic  period  to  the  present  time,  our  conti- 
nent has  apparently  been  occupied  by  plants  which  form  an 

*  It  is  an  important  foct,  in  this  connection,  that  Leequereux  identifies  a  num- 
ber of  the  species  of  plants  of  the  Lignite  beds  with  Miocene  species  of  Europe. 
See  the  last  volume  of  this  Journal,  page  448. — Eds. 
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unbroken  succession.  The  nortb  and  south  reach  of  our  conti- 
nent has  given  to  the  flora  a  connected  belt  of  territory  extend- 
ing from  Central  America  to  the  Arctic  Sea,  over  which  it 
could  march  and  countermarch  as  impelled  bj  alternations  of 
tempenitura  We  need  not  expect,  therefore,  to  find  here  any 
such  contrast  between  the  flora  of  the  Eocene  and  Miocene  as 
is  recorded  in  the  Tertiary  strata  of  Europe.  Still  we  have 
reason  to  believe  that,  during  the  Eocene  period,  our  climate 
was  warmer  than  during  the  Miocene,  and  we  may  expect  to 
find,  in  the  two  floras  of  the  Tertiary,  differences  of  d^ree  if 
not  of  kind.  In  the  fruits  of  the  Brandon  lignites,  in  the 
Palm  {Cafamopsis)  and  Cinnamon  of  the  Mississippi  Tertiaries, 
and  in  the  palm  {Manicarta)  of  the  Green  River  beds,  we  have, 
perhaps,  some  indication  of  this  elevation  of  temperature  and 
some  traces  of  an  Eocene  flora.  Whatever  plants  are  found 
with  2j€uglodon  cetoides,  Cardita  planicosta^  Orbitoides  AlanUUi^ 
etc.,  etc.,  we  must  accept  as  Eocene,  even  should  they  have 
no  intrinsic  Eocene  characteristic.  So  in  regard  to  our  CJretace- 
ous  flora.  While  it  is  altogether  new,  its  varied  character  and 
modern  aspect  simply  gives  us  a  new  revelation  in  regard  to 
the  vegetation  of  the  Cretaceous  world ;  for,  while  the  fauna  of 
that  world  contains  Ammonites^  Baculites^  Inoceramus^  &a,  we 
are  forced  to  call  it  Cretaceous.  It  is  not  impossible  that  the 
physical  conditions  of  our  continent  may  have  remained  so 
constant  that  the  Cretaceous  age  faded  gradually  into  the  Ter- 
tiary. It  is  not  impossible^  therefore,  that  we  may  find  some 
Cretaceous  forms  of  life  interlocking  with  those  of  the  Tertiary 
age,  but  truth  requira^  us  to  say  that,  up  to  the  present  time, 
no  sxvch  connecting  links  have  been  found.  The  lignites  of  New 
Mexico  are  covered  with  thousands  of  feet  of  sediments,  some- 
times largely  made  up  of  the  remains  of  all  the  typical  Cretace- 
ous forms  of  life.  Possibly  in  Colorado,  beyond  the  reach  of  the 
Cretaceous  sea,  or  where  the  land  was  exposed  by  the  retreat  of 
that  sea,  the  Cretaceous  flora  may  have  grown  on  and  on  into 
the  Tertiary;  but  as  yet  we  have  no  evidence  of  this.  Above 
the  lignite  beds,  a  break  in  the  stratification  and  a  conglomerate 
(Echo  Cailon  conglomerate)  mark  the  beginning  of  a  new  era. 
Without  asserting  that  this  new  era  was  the  Tertiary,  and  the 
one  which  had  gone  before  was  the  Cretaceous,  I  feel  justified 
in  saying  that  such  will  probably  prove  to  be  the  case;  or,  at 
least,  that  no  evidence  has  been  yet  found  which  disproves  it 

To  whatever  conclusion,  in  regard  to  the  age  of  the  plant 
beds  of  the  west,  the  facts  may  lead,  when  they  are  all 
gathered  in,  that  result  will  be  cheerfully  accepted  by  every 
right-minded  man.  It  is  important,  however,  for  the  true  pro- 
gress of  science,  that  no  conclusion  should  be  accepted  until 
it  is  sustained  by  ample  prool 
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Art.  XYYTY.  —  Brief  OcmirAutians  to  Zoology  from  the 
Museum  of  YaU  College.  No.  XXVIII.  Results  of  recent 
Dredging  Expeditions  on  the  Coast  of  New  England.  No.  6 ; 
by  A.  E.  Vbbrill. 

[Continued  from  voL  vii,  page  138.] 

By  the  cooperation  of  Professor  Benjamin  Peirce,  Superin- 
tendent of  the  U.  S.  Coast  Survey,  the  steamer  Bache  was 
detailed,  during  the  month  of  September,  to  continue  the  re- 
searches of  the  U .  S.  Fish  Commission,  in  the  deeper  waters  oflF 
the  coast,  between  Mt  Desert,  Maine,  and  Cape  Cod.  Dr.  A. 
S.  Packard  and  Mr.  Caleb  Cooke,  of  Salem,  Mass.,  kindly  vol- 
unteered to  take  charge  of  the  dredging  operations  on  the  Bache, 
and  made  several  very  successful  cruises,  bringing  back  large 
collections  of  the  Invertebrata  of  those  waters,  among  which 
were  many  arctic  forms  that  were  previously  unknown  on  the 
American  coasts.  Their  collections  are  particularly  rich  in 
those  species  that  inhabit  the  muddy  bottoms  that  prevail 
almost  everywhere  over  the  deeper  parts  of  the  Gulf  of  Maine, 
in  50  to  150  fathoms.  Tliey  also  obtained  a  large  collection,  of 
great  interest,  on  the  hard  bottom,  near  Cashe's  Ledge,  in  52  to 
90  fathoms.  At  this  place  many  of  the  most  interesting  addi- 
tions to  the  American  fauna  were  obtained.  Among  these 
were  several  living  specimens  of  Annchis  JJaliaseti  (Jeflfreys,  as 
ColumheUa\  Archaster  Parelii,  Antedon  Sarsif\  many  fine 
Sponges,  etc.  Their  dredgings  may  be  conveniently  grouped 
as  follows : 

1.  Muddy  Bottoms. 

a. — A  series  from  the  muddy  bottoms  off  the  coast  of  Maine, 
from  south  of  Manheigan  Island  to  nearly  south  of  Mt  Desert, 
including  Jeffrey's  Bank  and  its  vicinity,  and  extending  60 
to  66  miles  from  the  coast-line,  and  covering  a  region  of  about 
50  miles  east  and  west,  in  depths  ranging  from  52  to  118 
fathoms.  In  the  following  table  the  dredgings  numbered  1  to 
18,  22,  23,  belong  to  this  region. 

6. — Several  dredgings  made  on  muddy  bottoms  in  the  deep 
waters  near  Jeffrey's  Ledge,  both  on  the  east  and  west  sides  of 
it     (See  numbers  20,  24,  24».) 

c — Two  collections  of  much  interest  obtained  from  the  deep- 
est waters  off  the  mouth  of  Massachusetts  Bay,  20  to  24  miles 
northeast  from  the  extremity  of  Cape  Cod,  in  117  and  142 
fitthoms,  soft  mud.    (See  numbers  86  and  87.) 

d — Two  dredgings  made  in  the  central  parts  of  Massachu 
setts  Bay,  on  muddy  bottoms,  in  50  and  56  lathoms. 
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2.  Hard  BoUoma. 

a. — A  large  collection  from  62  to  90  fatboms,  near  Casbe^s 
Ledge,  situated  about  90  miles  soutb  from  tbe  moutb  of  the 
Penobscot  River.     (Number  21.) 

b. — Several  lots  from  JeflFrey's  Ledge,  6  to  14  miles  northeast 
fix)m  Cape  Ann,  in  24-33  fathoms.     (Numbers  27-29.) 

c. — A  large  collection  fix)m  Stellwagen's  Bank,  situated  in 
Massachusetts  Bay,  north  of  Cape  Cod,  in  22  to  44  fathoms. 
(Numbers  32-35.) 

3.  Insharey  mixed  bottoma. 

a, — A  small  collection  made,  in  6  fathoms,  inside  of  Baker^s 
Island,  Salem  Harbor.    (Number  26.) 
b, — Another  from  29  fatboms,  off  Marblehead.    (Number  25.) 

The  temperatures  of  the  water  were  taken  at  most  of  the 
localities  examined.  For  the  bottom  temperatures  two  Miller- 
Cassella  thermometers  were  usually  employed  simultaneously, 
and  the  readings  of  both  are  generally  given  in  the  following 
table.  The  great  variations  frequently  observed  in  using  these 
instruments  is  certainly  very  unsatisfistctory,  and  tends  to  throw 
doubt  upon  all  the  deep-sea  temperatures  that  have  been  taken 
by  them,  both  in  this  country  and  by  the  English  expedi- 
tions.* It  is  greatly  to  be  regretted  that  some  more  reliable 
instrument  cannot  be  obtained. 

JFhuna  of  the  Muddy  Bottoms. 

The  collections  dredged  from  the  muddy  bottoms  examined 
during  these  cruises  show  a  fauna  essentially  identical  with 
that  described  in  the  previous  papers  of  this  series  as  obtained 
in  1872  by  Messrs.  Packard  and  Cooke,  from  muddy  bottoms 
in  85  to  150  fathoms,  near  St.  George's  Bank,  and  likewise  in 
the  Gulf  of  Maine ;  and  also  with  those  dredged  during  the 
past  season  by  our  own  party,  off  Casco  Bay,  from  similar 
depths.  The  same  fauna  was  also  met  with  by  our  parties  in 
the  deeper  parts  of  the  Bay  of  Fundy,  in  1868,  1870  and  1872 ; 
and  also  in  the  Gulf  oi  St  Lawrence  by  Mr.  Whiteaves. 
Nevertheless,  each  different  region  explored  presents  some 
peculiarities,  or  at  least  Jiffords  species  that  have  not  yet  been 
lound  in  the  other  localities.  Thus,  during  the  past  season 
neither  of  our  parties  have  met  with  Pennatula,  Virgularia, 
Ringicula  niiida^  Pleurotomella  Packardu^  Solaster  /urcifer^  or 
several  other  interesting  species  obtained  in  1872,  from  similar 
localities  and  depths.  But  on  the  other  hand  many  equally 
interesting  species  have  occurred  this  year  that  were  not  found 

*  We  have  observed  not  only  that  the  different  thermometers  wUl  often  not 
agree  within  several  degrees  when  used  together,  but  the  same  instrument  will 
not  show  the  same  amount  of  variation  at  different  times,  even  under  identical 
circumstances,  when  compared  with  a  standard  instrument 
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fore,  nod  others  that  were  previously  rare  have  been  found  in 
undance. 

Among  the  most  interesting  Crustacea  dredged  on  the  muddy 
ittomsoy  fir.  Packard,  at  localities  S6  and  S7,  are  two  apeci- 
ena  of  a  singular  crab  belonging  to  the  genus  Qeryon,  and 
lied  to  0.  tndens,  from  the  deep  waters  of  northern  Enrop& 
XT  species  had  been  known  before  only  by  specimens  taken 
>m  the  stomachs  of  the  fishes  caught  in  deep  water,  off  the 
ost  of  Maine.  The  large  shrimp  {Pandaltts  borealis)  was 
edged  by  Dr.  P.  in  114  fathoms  (loc.  24),  and  by  our  party  in 
I  to  68  fathoms,  off  Casco  Bay.  A  species  of  blind  shnmp 
*s*^0Tnma)  was  dredged  in  105  fathoms  (loc  18).  This 
nus  was  before  unknown  on  our  coast,  though  Mr.  Whiteaves 
■edged  a  species  during  the  past  season  in  the  Gulf  of  St. 
iwrence,  £^'mena  comigera  and  iSt^ocep/ialiis  ampulla  are 
re  arctic  amphipods  ;  and  the  former  was  previously  unknown 
1  our  coast  The  curious  little  barnacle, 
\alpellum  ^roetni  Sars,*  had  been  dredged 
eviously  on  our  coast  only  by  Mr,  Smith  in 
172,  in  430  fathoms,  off  St.  George's  Bank, 
it  Dr.  Packard  found  a  number  of  good  speci- 
ena  adhering  to  hydroida,  etc.,  in  62  to  70 
thorns,  near  Casfae's  Ledg^  (loc.  21),  and  also  j 

142  fathoms  (loc.  36).     This  species  likewise  i 
curs  only  in  deep  water  on  the  northern  coasts 

Europe.  ' 

Among  the  Annelids  of  special  interest  are 
ychia  Amo-etseni  Malmgren,  dredged  in  1U6 
thorns  (loc  18) ;  and  Leavira  Utragona  Malm., 
■»m  107  fathoms  (loc.  9) ;  both  new  to  the 
merican  side  of  the  Atlantic ;  Orym(ea  spiralis  V.f  (fig.  1, 
id  plate  V,  fig.  4)  and  Enipo  gracilis  V.+  (plate  vi,  fig.  4)  are 
*  Dr.  0.  0.  Sara  lias  kindly  compared  a  drawing  of  thia  species,  sent  bj  Hr. 
lith,  wilh  Eiiropesn  BpecimenB,  and  Btatee  that  they  agree  perfectly. 
Tiymaa  epiratie  Verrill,  ap.  nov.  (tg.  1,  and  plate  T,  Bg  4.) 
Body  long  and  alender,  spirally  coiled,  compoiad  of  over  ISti  BegmeDts,  of  which 
[)ut  120  bear  fascicles  of  slender  sets.  Branchice  long  filiform,  two  or  three  times 
)  diameter  of  body,  arising  in  three  clusters  on  each  side,  easily  detached  and 
«□  partially  absent  Sette  on  the  fliat  bli  or  seven  eagments  a  little  longer  than 
)  following  ones.  Qeneral  color  dark  red.  Tube  (dg.  I)  composed  of  firmly 
neoted  mud  and  sand,  coiled  io  a  double  Bpiral,  the  two  halvea  revolving  in 
posite  directions. 

Off  Cbbco  Bay,  in  90  fathoms,  mud ;  off  Grand  Meaaa  I.,  KO  fathoms ;  Jeffrey's 
nk,  SO  fathoms. 

Enipo  fraciUi  Verrill,  8p.  dov,  (plate  VI,  fig.  i.) 

Body  loog  and  slender,  quite  narrow,  the  anterior  part  of  the  back  only  partially 
rered  by  small  oval  smooth,  translucent  acalee.  Head  rather  elongated,  taper- 
[ )  eyes  four,  conapicuouB.  SettB  of  the  lower  rami  stout,  vrjth  the  lonninal 
rtion  broad,  short  cuspidate,  and  armed  with  oblique  rows  of  strong,  sharp, 
:ending  unequal  spines  ;  tips  naked,  acute,  mostJy  curved. 
CiaBco  Bay,  IG  to  20  fathoms ;  Jeffrey's  Bank,  SO  fathoms. 
Kit.  JODB.  8ol.— Third  Sbbibs,  Vou  VII,  No.  M.— Apsil,  16T<. 
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two  new  species,  both  fix)m  80  fathoms  (loc  16),  and  also  from 
Casco  Bay.  The  Nothria  opalina  V.  (plate  IV,  fig.  1)  was  very 
abundant  on  nearly  all  the  soft  muddy  bottoms,  from  50  to 
142  fathoms ;  Ninoe  nigripes  V.  (plate  IV,  fig.  8),  Lumbnconereis 
frayilis  (plate  IV,  fig.  2),  Pista  cristata  (plate  V,  fig.  8),  and 
Choetodenna  nitidulum^  were  frequently  met  with. 


No. 


1 

2 
3 

4 

5 

6 
7 
8 

9 

10 

12 
13 
14 
15 
16 
17 

18 
20 

21 

22 

23 

24 

24a 

25 

26 

27 

28 

29 

30 
31 
32 
33 
34 
35 
36 
37 


Locality. 


Off  Manheigan  lalaiid, 

7  m.  8.W.  from  Manheigan  I. 

8  m.  S.  from  Manheigan  I., 
13  DL  S.E.  bj  8.  from  Man- ) 

heigan  iBland, \ 

1 7  DL  S.  E.  from  Manheigan  1. 
15  m.  8.E.  from  Manheigan  I. 
15  m.  S.E.  from  Manheigan  I. 

18  m.  S.E.  bj  8.  from  Mati- 
nicus  Rock 

23  m.  8.E.  from  Matinicu8{ 
Rock, J 

22  m.  8.E.  by  a  from  Mati- 
nicus  Rock, 

Jeffrey's  Bank, 


it 
II 
fi 
II 


II 
II 
ti 
II 


8.W.  from  Jeffrey's  Bank,. 

S.W.  from  Jeffrey's  Bank,. 
15  m.  8.E.  from  Boon  Island 

Light, 

Cashe's  Ledge, 

50  m.  K  of  Cape  Ann, 

47  m.  E.  of  Gape  Ann, 

E.  of  Jeffrey's  Ledge, 

6  m.  farther  west, 

3^  m.  S.E.  from  Half-way 

Rock, 

Salem  Harbor, 

Jeffrey's  Ledge,  6  miles  east 

of  Thatcher's  Island  Light, 
8  m.  K.  by  N.  of  Thatcher's 

Island  Light, 

14  m.  N.E.  by  E.  i  E.  from 

Thatcher's  Island  Light, . 
Massachusetts  Bay, 


i( 


t( 


Stellwagen's  Bank, 


It 


Latitude. 


o 

43 


43 
43 
43 
43 

43 

43 

43 
43 
43 
43 
43 
43 
43 


43 
42 
42 
42 
42 


20  m.  E.  from  Cape  Race, 
Off  Massachusetts  Bay, . . . 


42 
42 
42 
42 

42 
42 

|42 
'42 


39 


43  38 


37 
37 
38 
38 

36 

36 

34 

20 

23 

25i 

23 

19 

15  5 


43  15  5 


1 
49 
52 
52 
56 


26 
19 
19 
20 
22 
08 
18 
20 


Long. 


69  22 

69  17 


69  05 

68  59 

69  01 
69  01 

68  32 

68  24 


68 
68 
68 
68 
68 
68 
68 


27 
33 
30 
40 
44 
49 
54 


69  06 

70  10 

68  50 

69  23 

69  35 

70  09 


70 
|70 
170 

|70 
|70 
.70 
,69 
70 


35 
29 
23 
18 
11 
15 
49 
00 


Nature  of 
bottom. 


Soft  gray  mud. 

Soft  mud, 

Mud  and  sand, 
(Br'n  mud  ) 
\  k  sand, .  { 
Brown  mud,. 


ti 
II 


II 

II 


Mud  k  gravel, 
( Sticky  br'n/ 
\     mud,...^ 

Soft  br.  mud,. 

Brown  mud,. 

II         II 

II  II 
II  II 
II         II 

Brown     mud 

with  gravel. 

Brown  mud,. 

Mud, 

Rocky, 

Blue  mud,... 

Mud, 

Soft  mud, 

Gravel  k,  st's, 


II 


II 


II  II 

Soft  mud, 

Mud, 

Hard,  rocky,. 

11  K 

Sand, 

Soft  blue  mud, 

li  U  II 


If 


Temperature. 


Air. 


52 

64 

60 
72 
82 
82 

94 

107 

104 

60 
105i 

80 

72^ 

79 
100 

106 

95 
52-90 

90 
118 
114 
114 

29 
6 

24 

26 

33 

50 

56 

29 

22 

44i 

34 
142 
117 


68'F. 

58 

56 

60 
60 


56 

56 

56 
56 
58 
62 
60 
62 
59 

58 

58 
52 
52 
54 
59 
58 


57 

57 

70 
60 
62 
64 
64 
61 
59 
60 


Sur- 
face. 


66" 

55 

54 

56 
64 


65 

67 

67 
64 
64 
60 
68 
68 
57 

56 

58 
57 
56 
67 
57 
58 

64 

^  «■ 

58 

58 

54 
68 
60 
68 


57 

58 


Bottom. 


42  kU 
42-5 

43  k^ 

43-5  k  45-5 
43    kU 


39-5  ft  39-5 

40    441 

42 

40 

43 

42*5  ft  47 

40-5 

52 

40 

37-6  ft  40-5 

43 

40    ft  43 

39 

39 

36-5  ft  40 

43*5 


46 

48 

46  ft  49 
42  ft45 
41*5  ft  44 
48-5  ft  50*5 
48*5  ft  50*5 
41-5  ft  44 
48  ft50 
39     ft  42 
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AmoDg  the  MoUusks  are  several  very  interesting  Bpeciee, 
some  of  them  Dew  to  tlie  fauna  of  our  coast ;  Anackis  lialufeti 
(Jeff.  8p.)  occurred  in  114  fathoms  (loo.  24),  but  was  found  in 
greater  numbers  on  Cashe's  Ledge  (loc.  21),  where  several  fine 
specimens  were  dredged  ;  i^iphonodeiitalium  vitrnaa  occurred 
sparingly  at  several  localities  in  60  to  107  fathoms ;  Laaaa  rubra 
was  only  once  met  with  (loc.  86),  in  142  fathoms ;  Orenelia 
deciiasata  was  less  frequent  than  in  our  dredgings  off  Gasco 
Bay  ;  Dacrydium  vitreum  occurred  sparingly  several  times  in  60 
to  142  fathoms  (loc.  12,  9,  36),  and  also  in  our  dredgings  off 
Casco  Bay,  in  95  fathoms.  These  five  shells  are  all  new  addi- 
tions made  this  season  to  the  fauns  of  the  United  States,  and  the 
Atuichia  and  Lasaea  have  not  been  found  previously  on  this  side 
of  the  Atlantic,  so  far  as  known  to  me:  the  others  have  recently 
been  dredged  in  the  Gulf  of  St  Lawrence  by  Mr.  Whiteaves. 

Among  the  Tunicates  were  several  fiae  specimens  of  Qlan- 
dula  fibrosa  Stimpson,  and  also  an  apparently  undescribed 
species  of  Ascidia* 
(^g.  2),  remarkable 
fur  its  soft  aad 
rather  flabby  in- 
tegument. Both 
these  species  oc- 
curred also  in  our 
dredgings  off  Gasco 
Baj' ;  the  latter  iti 
great  abundance  in  I 
several  localities, 
attached  to  scat- 
tered boulders. 

Among  the  Ech- 
inoderms  there  are 
several  iTiterestiog 
Ilolothurians  :  the 
rare  Slereodermn  unisemita  occurred  in  142  fathoms  (loc.  36) ; 
several  large  specimens  of  Molpadia  oolitica  were  obtained  in 
95  fathoms  (loc.  20) :  and  one  specimen  of  Oligotrochus  vitretia 
Sarg  occurred  in  60  and  105  iathoms  (loc.  12  and  13).  The 
last  named  species  had  been  known  before  only  from  the  deep 

*  Atcidia  moHu  Verrill,  sp.  dov.     Rgure  1. 

Body  large,  hemiHphericitl  or  eubglottular,  attached  obliquely  by  the  left  Bide ; 
integumeDt  rather  thin,  soft,  and  Bomewhat  tronBlucent,  with  the  surface  Dearly 
smooth,  but  more  or  lesa  wrinkled.  Color,  pale  olive-f^reen.  Branchial  aperture 
near  one  end,  la^e,  aliKhCly  elevated,  surrounded  b;  eight  obtusely  rounded  lobes ; 
anal  orifice  placed  to  one  side  of  the  middle  of  the  body,  little  eleyaled,  relatively 
■mall,  rounded  In  ordinary  expansion.     Diameter  of  body  usually  one  to  two 

Common  in  IS  to  101  fathoms,  atticbed  to  boulders  in  many  localities  off  Caaco 
Bay,  oS  Manheigan  I.,  at  Jeffrey's  Bank,  Caahe'H  Ledge,  etc. 
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waters  off  the  Norwegian  coast  It  is  remarkable  for  the  beautiful 
and  complex  wheel-soaped  plates  scattered  in  its  integument 

Schizaater  fragUis  was  dredged  at  various  localities,  and  is  a 
common  and  characteristic  species  of  these  muddy  bottoms ; 
Archaster  arciums  did  not  occur  this  season  on  the  muddy  bot- 
toms, but  several  good  specimens  were  obtained  in  62*  to  90 
fathoms,  on  hard  bottoms,  near  Cashe's  Ledge  (loa  21),  id  com- 
pany with  A.  Parelii,  Hippasteria  phrygiana^  and  other  interest- 
ing species.  Ctenodiscua  crtspatua  was  everywhere  abundant 
Several  large  and  fine  specimens  of  a  peculiar  Ophiuran,  new 
to  the  American  coast,  were  dredged  in  142  and  117  fathoms 
(loc.  86  and  87).  It  agrees  well  witn  Amvhtura  Ottsrt  Ljungman, 
which  was  dredged  in  660  fathoms  off  tne  coast  of  Portugal  by 
the  Josephine  Expedition.  The  Ophioscolex  glacialisj  from  loc. 
10,  and  Amphipholis  tenuispina^  from  106  fathoms  (loc  18),  are 
other  additions  to  our  fauna.  The  former  was  also  dredged 
in  the  Gulf  of  St  Lawrence  last  summer  by  Mr.  Whiteaves. 
The  Aniedon  Sarsii  is  a  handsome  comatula,  new  to  the  Ameri- 
can coast.  It  was  obtained  at  localities  6  and  21.  One  speci- 
men of  a  cup-coral,  apparently  identical  with  DeUocyathus  Agas- 
sizii  Pourtales,  previously  known  only  from  the  deep  water  off 
Florida,  was  dredged  in  142  fathoms  (loc.  86).  The  Uhcyathvs 
arcticus  Sars  was  dredged  in  160  fathoms,  near  St  George's 
Bank,  by  Dr.  Packard,  in  1872.  These  two  species  are  the  only 
stony  corals  yet  found  on  the  northern  coast  of  New  England ; 
but  a  third  species,  a  true  Flabellum^  of  fai^e  size,  has  been 
dredged  in  the  deeper  part  of  the  Gulf  of  St  Lawrence  by  Mr. 
Whiteaves. . 

Numerous  interesting  sponges  occurred,  which  have  not  been 
identified.  The  curious  HyaJonema  longissimum  G.  O.  Sars  was 
dredged  both  by  Dr.  Packard  ^nd  myself  at  several  localities 
and  in  considerable  numbers.  With  it  an  allied  species  often 
occurred,  consisting  of  small  irregular,  elongated,  fusiform,  com- 
pact, white  sponge-masses,  connected  by  capillary  stolon-like 
stems,  made  up  of  slender  spicules  twistea  together.  This 
species  creeps  over  the  bottom,  but  does  not  stand  erect  like 
tne  former. 

List  of  Species  from  the  Gulf  of  Maine^  inhabiting  muddy  hot- 

tomSy  in  60  to  150  fathoms. 

In  the  following  list  the  species  with  an  asterisk  (*)  prefixed 
belong  more  properlv  to  the  hard  bottoms,  but  occur  more  or 
less  frequently  on  tlie  muddy  bottoms,  adhering  to  scattered 
stones,  or  among  broken  shells.  Those  with  a  dagger  (f)  were 
not  obtained  by  Dr.  Packard  this  season,  but  were  mostly  dredged 
in  1872,  in  the  mouth  of  the  Bay  of  Fundy,  or  near  St  George's 
Bank ;  or  else  oflf  Casco  Bay  during  the  past  season. 
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e  figures  afilxed  to  the  names  give,  in  fathoms,  the  greatest 
LS  at  which  the  species  have  been  dredged  on  the  New 
md  Coast 


ABTICULATA. 


loa  gigftnteimii  82. 


Pycnogonida. 

I    *N.  grosaipes  (f ),  65. 

Crtuktcea. 


L,  8p.,  142. 

oooetes,  sp. 

araneu8|  72. 

BTCtatufl,  150. 

pirns  pubescens,  150. 

ojerif  430. 

rnhardos,  150. 

)ljte  spina,  72. 

ibricii,  64. 

us  borealis,  68,  114. 

Qulicx>mi8,  430. 

Bft  septemcarinata,  68. 

ion  Gordoni,  52,  110. 

lopoda,  large  sp.,  142,  430. 

iecta?,  105. 

>mma,  sp.,  105. 

sp.,  68. 

[is  quadrispinosa,  68. 

Ea  oerina,  68. 


dita  aculeata,  72,  90. 
nice  filioomis  ?,  150. 
I  (Erstodii,  72. 
othoe  imbricata,  64. 
k  Amondseni,  106. 
06  Sarsii,  1 10. 
gracilis  Y.,  80. 
1  minuta,  68. 
\  tetragons,  107. 
ijs  ingens,  142. 
ita,  114. 
doce,  sp.,  110. 
oenlandica,  90. 

depressa,  110. 
s  pelagica,  142. 
,  sp.  68. 
>la,  sp.  68,  90. 
ce  vivida,  430. 
a  opalina,  150. 
Qchjlega,  430. 
nigripes,  114. 
ioonereis  fragilis,  430. 
la  maculata,  150. 
hobolus  albus,  110. 
nia  crassa,  110. 
-egma  inflatum,  1 50. 
Bia,  sp.,  95,  106. 

sp.,  90. 

slla  flaccida,  90. 

inia  aspera,  150. 


Asellodes  alta,  90. 

fiBga  psora,  150. 
Conilera  polita,  150. 
Anthura  brachiata,  110. 
^Paramphithoe  pulohella,  142. 
Harpina  fusiformis,  1 10. 
Stegooephalus  ampulla,  72, 110. 
Epimeria  oomigera,  106. 
^Melita  dentata,  430. 
ICelita,  sp. 

EEaploopB,  sp.,  105,  114. 
Ampelisoa,  sp.,  142. 
Ptilocheirus  piuguis,  150. 
^Unciola  irrorata,  430. 
f  Dulichia,  sp.,  60. 
*Oaprella,  sp.  with  spines,  142. 
^ScalpeUum  Stroemi  Sars,  90, 142, 430. 
^Balanus  poroatus,  150. 


Annelida. 


Ophelia,  sp.,  107. 
Ammotrypane  flmbriata,  114. 
Stemaspis  fossor,  142. 

E»leoolepis  cirrata,  150. 
thostoma  acutum  V.,  64. 
tozone  setosa,  106. 
J*  Dodecaoerea  concharum,  90. 
[aldane  Sarsii,  150 
Prazilla  g^racilis,  114. 
P.  prsetermissa,  114. 
^Nioomache  lumbricalis,  110. 
Ammochares,  sp.,  142. 
fNotomastus  laterioeus,  110. 
Arenia,  sp.  in  capillary  tubes,  117. 
^Oistenides  granulatus,  90. 
Ampharete  gracilis,  106. 
f  A.  Finmarchica,  110. 
Amphicteis  Gunneri,  110. 
Amage  auricula,  150. 
Samytha  sezcirrata,  110. 
Melinna  cristata,  150. 
fSamythella  elongata  Y.,  110. 
Terebellidee  Stroemi,  142. 
Pista  cristata,  150. 
Grymaia  spiralis  Y.,  95. 
^Thelepus  cincinnatus.  142. 
^Amphitrite  cirrata,  95. 

J  A.  tfohnstoni,  64. 
A.  Grceniandica,  68. 
^olycirrus,  sp.,  110. 
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^PotamiU*  ooulifera,  90. 
Sabella  zonalis,  107. 
Chone,  sp.,  95. 
Euchone,  sp.,  106. 
Myzioola  Steenstrupiii  72. 

^PhasooloBoma  boreale  (?),  64, 90. 
P.  csementariumf  430. 
P.  tubicola,  110. 


^Protulft  medlAt  90. 
*Yenm]ia  aerrula,  106. 
^Spirorbifl  luddus,  114. 
f  Idithyobdella,  (on  Baia  Ubtis)  68. 


QephyrecL 


Nemertes  affinis,  110. 
Meckelia  lurida  Y.,  110. 


fOctopus  Bairdii  Y.,  106. 


Priapulus,  sp.,  60. 
Chsetoderma  nitidulum,  110. 
f  Thalaasema,  sp.,  90. 

7\irbeUaria, 

I    jMacronemeitee  gigantea  Y.,  68. 
I    f  Ophionemeitee  ag^lia  Y.,  90. 

M0LLU8CA. 

CephcUopodcL 


fPleurotomella  Packardii  Y.,  110. 
Be\&  decuBsata,  64. 
B.  canoellata,  430. 
B.  pleurotomaria,  107. 
B.  turricula,  117. 
Admete  viridula,  150. 
Keptunea  curta^  68. 
N.  decemoostata,  107. 
NeptuDolla  pygmsea,  430. 
Buccinum  undatum,  52. 
^Anachis  Haliseetif  114. 
IBingicula  nitida  Y.,  110,  160. 
Natica  claiisa,  430. 
Lunatia  Groenlandica,  430. 
L.  immaculata,  430. 
♦Torellia  vestita,  90,  150. 
♦Trichotropis  borealis,  80. 
^Yelutina  zonata,  150. 
♦V.  Iffivigata,  110. 
Aporrhais  occidentalis,  150. 


Ocutropoda. 


Turritella  erosa,  lOG. 

Lamellibranchiata, 


Scalaria  Grcenlandica,  85. 
Rissoa  exarata,  95. 
^Margarita  obscura,  430. 
*M.  dnerea,  150. 
*Callio6toma  occidentale,  82. 
^Diadora  noachina,  430. 
^Lepeta  caeca,  110. 
Scaphander  puncto-striata,  150. 
Oylichna  alba,  150. 
Utriculus  pertennis,  114. 
Philine  quadrata,  110. 
P.  lineolata,  64. 
^Doris  planulata,  142. 
^Trachydermon  albus,  150. 
jStimpsoniella  Emersonii,  60. 
f*Hanleia  mcndicaria,  80. 
Dentalium  occidentale,  160. 
Entails  striolata,  150. 
f  E.  agilis  ?,  95. 
Siphonodentalium  vitreum,  107. 


f  ♦Zirphaea  crispata,  80. 
Mya  arenaria  (young),  64. 
Netera  arctica,  150. 
K.  pellucida,  142. 
♦Saiicava  arctica,  114. 
Panopsea  Norvegica,  114,  118. 
Thracia  myopsis,  150. 
T.  truncata. 

Periploma  papyracea,  109. 
Macoraa  sabulosa,  142. 
Cyprina  Islandica,  72. 
Oardium  pinnulatum,  150. 
C.  Islandicum,  117. 
Cryptodon  Gk)uldii,  110. 
C.  obesus,  430. 
Lucina  filosa,  142. 
Lasaea  rubra,  142. 
Astarte  lens.  430. 
A.  undata,  117. 
A.  quadrans,  150. 


Cyclocardia  borealis,  107. 

C.  Novangliffi,  90. 

Nucula  tenuis,  142. 

N.  proxima,  60. 

N.  delphinodonta,  68. 

Leda  tonuisulcata,  150. 

Yoldia  obesa,  160. 

Y.  thraciformis,  142. 

Y.  sapotilla,  117. 

♦Area  pectunculoides,  150. 

^Modiolaria  nigra,  107. 

*M.  discors.  90. 

M.  comigata,  105. 

Crenella  glandula,  110. 

C.  decussata,  GO. 

Dacrydium  vitreum,  95,  107,  142. 

♦Pecten  Islandicus,  114. 

tP.  pustulosus,  430. 
P.  tenuicostatus,  110. 
^Anomia  aculeatsk,  150. 
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Tunicata. 


a  mollis  Y.,  107. 
iopsls  oomplanatus,  110. 
tenellaf  64. 
i  pannosa. 
ortiformis,  68. 

pilularis,  105,  114. 
La  fibrosa,  95,  106. 

JBrachiopoda, 

ratulina  septentrioDalis,  160. 


*G.  arenicola,  150. 
^Cynthia  echinata,  64,  80. 
*0.  carnea,  64,  80. 
^Botryllus,  sp.,  64. 
^Amaroecium  glabrum,  64^ 
^Leptoclinum  albidum,  72. 


ebumea,  117. 
ra  lichenoides,  150. 
>porella  vemicaria,  150. 
lea  pruinosa,  118. 
!ascigera  lucemaria,  110. 
a  soUda  St.,  64. 
ranipora  pilosa,  64. 
aria  loncata,  142. 
ma  temata,  150. 
bra,  95. 


PolyzocL, 

C.  Peachu  (?),  150. 
Bugula,  soft  sp.,  95,  430. 
«B.  fastigiata,  150. 
Bugula  Murrayana,  430. 
Caberea  Ellisii.  150. 
*f  Anarthropora  borealis,  160. 
^Cellepora  scabra,  160. 
*C.  ramulosa,  var.,  160. 
*f  Alcyonidium,  sp.,  64. 


BADIATA. 

JEJchinodermata. 


othuria  Fabricii,  110. 

s  phantapus,  72. 

Acta  assimilis,  95,  430. 

e  scabra  V.,  110,  150. 

lerma  unisemita,  142. 

(uidium  productum,  80. 

ia  oolitica,  95. 

ochus  vitreus,  105. 

ter  fragilis,  430. 

ftrachnius  parma,  430. 

^locentrotus  Drdbachiensi8,430 

sterias  compta,  90. 

era,  65,  142. 

er  furcifer,  150. 

ilia  sanguinolenta,  90. 


^Hippasteria  phrygiana,  60,  90. 
*f  Archaster  arcticus,  90,  150. 
Ctenodiscus  crispatus,  114. 
Ophioglypha  Sarsii,  430. 
0.  robusta,  118. 
0.  afflnis,  105,  118,  160. 
Amphiura  Otteri,  117,  142. 
'^Amphipholis  elegans,  105. 
A.  tenuispina,  106. 
^Ophiopholis  aculeata,  104. 
OphiacaDtha  spinulosa,  160. 
Ophioscolez  glacialis,  104. 
f^Astrophyton  Agassizii,  90. 
*Antedon  Sarsii,  82. 


)anularia  vertidUata,  430. 

sella  producta  G-.  0.  Sars,  430. 

^tllis  (Sars  sp.),  97. 

aria  cupressina,  150. 

arella  polyzonias,  robust  var.,  142. 

niculata  Hincks,  430. 


AcalepJice, 

*S.  tricuspidata,  430. 
*Lafoea  gracillima,   430. 
f*Halecium  robustum  V.,  430 
^Eudendrium  ramosum,  430. 
^Tubularia  indivisa,  430. 
Corymorpha  pendula,  96. 


Anthozoa, 


laria  LyuDgmanii,  150. 
tula  aculeata,  110,  150. 
ulariella  modesta  V.,  106. 
na  nodosa  (Fab.  sp.),  430. 
issicomis,  430. 
jra  TueditB,  150. 
Isia  farinacea  Y.,  95. 


ema  longissimum,  95. 


lastia.  sp.,  117. 


E.  sipunculoides,  106. 
fllyanthus  levis  Y.,  60. 
Gerianthus  borealis  Y.,  150. 
f  *Eplzoanthus  Americanus,  430. 
Deltocyathus  Agassizii,  142. 
f  Ulocyathus  arcticus,  160. 


Spongioe. 

*f  Phakerellia  ventilabrum,  68. 
^Reniera,  soft  sp.,  etc. 
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EXFLANATIOir  OP  PLATIS. 

Plate  lY. — Figure  1,  Nodhria  opalina  Y. ;  head  and  anterior  part  of  bodj. 

Figure  2,  iMmhriamereia  fragiUs;  head  and  anterior  part  of  body. 
Figure  3,  Ninoe  nigripea  V. ;  one  of  the  appendages  from  the  middle 

part  of  body. 
Figure  4,  Nephthys  ciKtUa;  one  of  the  appendages. 
Figure  5,  PhyUodoce  catemda  Y.;   head,  anterior  part  of  body,  and 

proboscis. 
Figure  6,  StephamoayUia  picia  Y. ;    head,  anterior  part  of  body,  and 

caudal  segments. 
Plate  y. — Figure  1,  Procarea  gradUa  Y. ;  head  and  anterior  part  of  bodj. 
Figure  2,  Euialia  piatada  Y. ;  anterior  and  posterior  portions. 
Figure  3,  Piaki  eriaUUa  M. ;  head  and  anterior  part  of  body. 
Figure  4,  Orymcaa  apiralia  Y. ;  head  and  anterior  part  of  body. 

All  the  figures  were  drawn  from  nature  by  Mr.  J.  H.  Smerton,  except  fig.  4, 
plate  lY,  which  was  copied  from  Ehlers;  all  are  much  enlarged. 


SCIENTIFIC    INTELLIGENCE. 

L  Chemistry  and  Physics. 

1.  On  the  VarifxHons  of  ChemiccU  Aotivify  in  the  Solar  Spec- 
trum and  on  an  Apparatus  for  their  measurement, — In  his  spec- 
tro-photographic  researches,  v  ogel  has  sought  to  determine,  not 
only  the  absorbing  action  of  various  colored  media,  but  also  the 
chemical  action  exerted  by  the  sim-spectrum  upon  pure  silver  bro- 
mide. Finding  it  impossible  to  get  correspondent  results,  even 
under  apparently  identical  conditions,  he  was  at  first  led  to  attri- 
bute the  variations  to  differences  of  delicacy  in  the  plates 
employed.  Sometimes  the  action  extended  more  into  the  violet 
or  ultra-violet,  sometimes  more  into  the  yellow  and  red.  Exact 
experiments  with  different  plates,  exposed  at  the  same  time  in  a 
camera  having  two  similar  objectives,  proved  these  variations  in 
delicacy  to  be  insignificant  in  compaiison  with  the  results :  and 
hence  proved  that  changes  took  place  in  the  relative  intensity  of 
the  spectrum  colors  themselves.  !Now  it  is  well-known  that,  as  the 
sun  nears  the  horizon,  the  luminous  intensity  of  the  violet  dimin* 
ishes  much  more  rapidly  than  that  of  the  red.  Bunsen  and  Roscoe 
have  proved  that  the  chemical  activity  of  the  spectrum  rays  also 
varies,  since  these  are  absorbed  diflferently  by  the  atmosphere  at 
different  periods  of  the  day.  But  precisely  what  these  variations 
are  throughout  the  whole  spectrum,  it  has  been  reserved  for  the 
silver-bromide  plate  to  show.  Vogel  gives  the  results  of  his 
experiments  in  a  table  in  which  the  day  (and  time  of  day),  the 
sun's  height,  the  time  of  exposure  and  the  state  of  the  barometer 
and  psych rometer,  are  given.  On  the  Tth  of  October,  at  2  p.  m. 
the  photographic  activity  of  the  spectrum  extended  from  a  point 
midway  between  C  and  D  to  considerably  beyond  H.  On  the 
17th,  at  2.30,  it  reached  from  a  point  short  of  D  to  a  point  ueariy 
to  H'.  On  the  18tb,  from  a  point  midway  between  C  and  I),  to  a 
point  considerably  short  of  H.    On  the  29th,  from  beyond  B  to  a 
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point  two-thirds  of  the  distance  from  6  to  H.  And  on  the  80th 
Its  extent  was  about  the  same  as  on  the  7th.  On  these  days  the 
snn^s  altitude  at  the  time  of  exposure  varied  from  20^  to  26^  only ; 
the  time  of  exposure  from  T  to  10';  the  barometric  height  from 
335  to  339  lines ;  and  the  vapor-tension  2  to  5  lines.  On  Dec.  7th 
an  observation  with  the  sun  15°  high  at  llh.  16^m.  a.  m;,  showed 
the  spectrum  to  reach  less  far  into  the  red  and  farther  into  the 
violet  than  a  second  observation  at  2h.  S^m.  p.  ic,  with  the  sun 
11°  14'  high;  though  the  former  of  these  two  spectra  extended 
nearly  as  far  into  the  violet  as  the  spectrum  of  the  7th  of  October 
when  the  sun  was  26°  high.  In  general,  when  the  action  increases 
toward  the  violet,  it  decreases  toward  the  red,  and  vice  versa. 
As  to  the  cause  of  the  action,  Vogel  considers  the  observations 
yet  too  incomplete  to  lead  to  any  conclusions,  though  irom  the 
rapiditv  with  which  they  occur,  he  thinks  they  cannot  have  their 
origin  m  the  sun.  He  calls  attention  to  the  want  of  sensitiveness 
of  silver-bromide  for  the  violet  rays,  and  says  the  limits  given  are 
those  for  which  silver-bromide  is  sensitive.  By  using  a  wedge-like 
slit  to  form  the  spectrum,  and  exposing  to  this  spectrum  a  silver- 
bromide  plate,  the  horizontal  extension  of  the  image  will  indicate 
the  activity  of  the  red  and  violet ;  while  the  vertical  extent  of 
the  action  will  be  directly  proportional  to  the  intensity  of  the 
various  colors.  The  author  promises  some  results  with  such  an 
apparatus. — Ber.  JBerL  Chem,  Oes,y  vii,  88,  Feb.,  1874.     g.  f.  b. 

2.  On  PkUetiu^s  Glyceric  liquidy  and  some  new  Film  eocperiments 
therewith. — The  difficulty  of  preparing  Plateau's  glyceric  Miquid 
bv  either  of  the  methods  given  by  Plateau  himseU,  has  led  M. 
TsBQUBM  to  propose  a  method  founded  on  the  solubility  of  the 
oleates  in  alcohol  Finely  divided  Marseilles  soap  is  thoroughly 
dried  and  placed  in  a  flask  with  80  per  cent  alcohol  (sp.  gr.  0*865), 
which  is  allowed  to  act  upon  it  cold.  A  mixture  of  glycerin  and 
water  is  then  made  of  such  strength  that  it  has  a  density  of  1*35  at 
20°  (17°'l  B.),  and  heated  to  the  temperature  of  boiling  water  to 
destroy  the  germs  and  spores  it  may  contain.  To  100  c.c.  of  the 
diluted  glycerin,  25  c.c.  of  the  alcoholic  soap  solution  is  added,  and 
the  whole  is  heated  till  its  boiling  point  rises  above  100°,  to  drive 
off  the  alcohol.  After  cooling  it  is  poured  into  a  graduated  cylinder, 
and  its  volume  brought  to  100  c.c.  by  the  addition  of  difitilled 
water.  It  is  filtered  through  a  plug  of  cotton  placed  in  the  fun- 
nel. With  the  clear  liquid  thus  made,  a  bubble  a  decimeter  in 
diameter  placed  on  a  tripod  will  remain,  if  covered  with  a  bell  jar, 
more  than  an  hour.*  For  illustrating  the  colors  of  thin  films,  a 
copper  ring — made  of  wire  5  mm.  thick — fifteen  centimeters  in 
diameter  18  used,  which  is  mounted  vertically  on  a  stand  and  can 
be  covered  with  a  bell-glass.  A  portion  of  tne  liquid  being  poured 
into  a  plate,  the  ring  is  laid  flat  upon  its  surface,  and  on  removal 
a  film  of  the  liquid  will  adhere  to  it.     Covering  the  ring  with  a 

*  A  liquid  easier  to  prepare,  but  not  giving  as  thin  films,  is  made  as  follows : 
1  g^m  dry  Marseilles  soap  is  dissolved  in  100  grams  warm  water;  this  is  filtered, 
and  to  every  100  o.c.  of  the  solution,  40  grams  white  sugar  is  added.  Bubbles 
made  with  tiiia  liquid  will  last  several  hours. 
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gatta-peroha  varnish  faoilitateB  this  adherence.  On  throwing  dif- 
fuse light  on  the  film  and  viewing  it  at  an  angle  of  45^,  beautiful 
bands  of  color  are  observed,  first  of  a  high  order,  then  successively 
lower,  until  in  one-half  or  three-quarters  of  an  hour  it  gives  the 
uniform  yellow  of  the  first  order.  Then  a  segment  completely 
black  appears,  and  shortlv  after  the  film  breaks.  By  refraction 
the  colors  are  quite  as  brilliant,  but  of  course  are  complementary. 
Both  sets  may  be  projected  on  a  screen  at  once ;  the  transmitted 
colors,  by  focussing  the  inclined  film,  illuminated  with  a  beam  of 
sunlight,  directly  on  the  screen  by  means  of  an  achromatic  lens; 
the  reflected  colors,  by  receiving  the  reflected  beam  from  the  film 
on  an  achromatic  lens  in  the  principal  focus  of  which  is  a  plane 
mirror  reflecting  the  image  on  to  the  same  screen.  The  colors  are 
as  brilliant  as  those  given  by  selenite  films  in  polarised  light.  Hy 
allowing  the  sunlight  to  enter  through  a  slit,  which  is  in  one  con- 
jugate focus  of  a  lens  having  the  film  in  the  other,  and  placing  a 
prism  close  behind  the  lens  so  as  to  throw  a  spectrum  upon  this 
film  at  a  small  angle  with  .its  surface,  the  light  reflected  from  this 
surface  being  brought  to  a  focus  on  the  screen  by  means  of  a  lena, 
the  image  appears  curiously  furrowed  with  inclined  black  bands. 
By  simply  turning  a  prism  so  as  to  illuminate  the  film  with  light 
of  different  colors,  these  black  bands  will  be  seen  to  approach  or 
recede  from  each  other  according  as  the  red  or  the  ^dolet  end  of 
the  spectrum  falls  on  the  film.  By  reflecting  the  solar  light  from 
the  slit  directly  on  to  the  lens,  then  allowing  it  to  pass  through  a 
prism  and  to  be  reflected  on  to  the  screen  by  a  plane  mirror,  the 
spectrum  of  the  reflected  beam  is  obtained,  showing  inclined  dark 
bands  across  its  breadth.— t/".  de  Physique^  ii,  409,  Dec.,  1873. 

G.  F.  a 
3.  On  the  Preparation  of  Nitric  Oxide^  ^8^6* — Berth elot 
has  recently  published  an  improved  process  for  obtaining  readily 
this  oxide.  Me  proceeds  as  follows:  monohydrated  nitric  acid, 
cooled  by  a  freezing  mixture,  is  mixed  with  pulverulent  phosphoric 
oxide  in  small  portions  at  a  time,  taking  care  to  avoid  any  eleva- 
tion of  temperature.  The  temperature  of  the  mass  should  never 
exceed  0°.  When  a  little  more  than  its  weight  of  phosphoric 
oxide  has  been  added  to  the  nitric  acid,  the  mass  becomes  of  the 
consistence  of  a  jelly.  It  is  then  placed  in  a  roomy  tubulated 
retort,  and  distilled  with  extreme  slowness.  The  products  are 
condensed  in  receivers  with  ground  stoppers,  immersed  in  ice.  In 
this  way  large  brilliant  colorless  crystals  of  nitric  oxide  (N^O.) 
are  obtained,  which  are  perfectly  pure.  From  150  grams  of  nitno 
acid,  nearly  80  grams  of  the  crystals  were  obtained.  This  sub- 
stance is  non-explosive,  either  as  a  solid  or  in  vapor.  It  decom- 
poses, however,  very  easily,  and  this  at  the  ordinary  temperature, 
as  Deville  has  observed,  into  nitrogen  tetroxide  and  oxycfen.  It 
should  not  be  preserved  in  hermetically  sealed  vessels.  It  keeps 
well  in  good  glass  stoppered  bottles  placed  under  a  bell-glass  with 
sulphuric  acid.  In  the  air  the  crvstals  evaporate  slowly,  evolving 
abundant  vapors,  but  not  liquefymg.     Hence  they  can  be  weighed 
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without  difficalty.  Light  accelerates  its  decomposition ;  as  does 
also  heat,  though  even  at  43^  it  is  not  very  rapid.  This  change 
into  nitrogen  tetroxide  and  oxide  is  endothermic,  and  is  not  re- 
versible.— Bull.  Soc.  Ch.y  n,  XX,  68,  Jan.,  1874.  g.  f.  b. 

4.  On  Ammonium  nitrite. — This  salt  is  rarely  seen  in  the  dry 
form,  and  hence  has  been  but  little  studied.  Bkrthelot,  having 
occasion  to  prepare  it  for  his  therm ochemical  researches,  ^ves  the 
following  account  of  it:  It  was  prepared  by  decomposing  pure 
barium  nitrite  by  ammonium  sulphate  in  exactly  equivalent  pro- 
portions, in  the  cold.  The  filtered  liquid  was  evaporated  in  vacuo, 
over  caustic  lime,  at  ordinary  temperatures.  The  operation  lasted 
several  weeks,  and,  owing  to  decomposition  even  then,  the  yield 
was  only  30  to  40  per  cent  of  that  required  by  theory.  It  is 
necessaiy  to  evaporate  to  complete  dryness,  and  to  preserve  the 
solid  salt  in  vacuo,  over  caustic  lime.  The  mass  is  white,  crys- 
talline, somewhat  elastic  and  tenacious,  so  that  it  may  be  moulded 
between  the  fingers,  and  adheres  to  the  walls  of  the  containing 
vessel  It  is  perfectly  neutral  and  corresponds  to  the  formula 
(NH^)N02.  It  is  very  deliquescent.  At  the  ordinary  "winter 
temperature,  it  decomposes  very  slowly ;  at  that  of  summer,  more 
rapidly.  Heated  to  60°  or  70®  on  the  water-bath,  it  detonates 
violently  after  a  few  seconds.  It  detonates  also  by  a  blow  from  a 
hammer.  Its  decomposition  disengages  almost  as  much  heat  as 
nitroglycerin;  hence  its  activity.  It  cannot  be  kept  in  sealed 
tubes,  because  they  soon  explode  from  the  pressure  of  the  gases 
generated.  It  is  best  kept  as  above.  Aqueous  concentrated  solu- 
tions decompose  more  rapidly  than  the  dry  salt,  in  the  cold ;  so 
that  when  agitated  they  evolve  gas  like  champagne.  Ammonium 
nitrite  may  be  formed  synthetically  by  mixing  together  nitrogen 
dioxide,  ammonia  and  oxygen.  The  solid  nitrite  condenses  on 
the  walls  of  the  tube  in  crystalline  masses  apparently  cubical  in 
form ;  and  this  is  an  instructive  lecture  experiment. — JBuU.  Soc.  Ch.^ 
II,  XX,  55,  Jan.,  1874.  g.  f.  b. 

6.  Mechanical  Equivalent  of  Heat. — H.  Serrano  Y.  Fati- 
GATi  has  for  the  first  time  determined  the  relation  which  subsists 
between  the  work  expended  to  turn  the  disk  of  a  Ramsden  elec- 
trical machine  and  the  electro-static  decompositions  produced. 
The  following  are,  in  brief,  the  processes  employed,  and  the  re- 
sults attained. 

To  turn  the  disk  and  measure  the  work,  he  wound  round  the 
handle  of  the  disk  of  a  Rarasden  machine  two  strings  passing  over 
two  pulleys,  and  carrying  each  a  weight  at  its  extremity — the 
one  of  17  kilograms,  and  the  other  of  22.  These  weights  de- 
scended near  two  graduated  rules.  He  deducted  from  the  calcu- 
lated work,  1st,  the  work  equivalent  to  the  vis  viva  retained  by 
the  weights  at  the  end  of  their  fall,  and  2nd,  the  work  consumed 
by  the  friction  of  the  strings  against  the  handle  and  in  the 
pulleys. 

On  the  other  hand,  he  estimated  as  exactly  as  possible  the  heat 
developed  by  the  cushions ;  first,  by  employing  a  good  mercurial 
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thermometer,  and  then  by  means  of  a  thermo-electric  pile,  com- 
pared with  the  preceding  indications,  and  measuring  approxi- 
mately the  specinc  heat  of  the  cushions  and  the  disk,  taking  ioto 
consideration  the  losses  in  the  air.  The  quantity  thus  obtained 
was  likewise  deducted  from  the  calculated  work. 

Finally,  to  measure  the  electrolization,  he  took  two  large  test- 
tubes,  graduated  and  fumbhed  with  platinum  wires  extending  to 
their  bottoms,  one  of  which  was  connected  with  the  machme, 
while  the  other  was  in  communication  with  the  earth.  These 
tubes  were  immersed  in  a  large  reservoir  containing  acidulated 
water,  and  united  by  means  of  a  long  string  wetted,  to  serve  as  a 
conductor  to  the  electricity  without  producing  sparks. 

The  results  of  twenty-eight  observations  are  given  in  the  fol- 
lowing table,  in  which  the  first  column  gives  the  number  of  experi- 
ments, the  second  the  amount  of  hydrogen  disengaged  in  milli- 
^ams,  the  third  the  calories  of  dissociation,  the  fourth  the  work 
m  kilogrammeters  and  the  fifth  the  mechanical  equivalent  found. 


No.  Ex. 

H. 

CalorlM. 

Work. 

M.KqvlT. 

12 

17 

0-578 

272-84 

471-99 

7 

42 

1-428 

649-74 

455.00 

9 

5 

0-170 

79-6 

467-64 

The  mean  of  these  results  gives  for  the  mechanical  equivalent  of 
heat  the  number  464-87.— J?5.  Univ.,  252,  1873,  Phil  Mag.^  155, 
xlviL  B.  c.  p. 

6.  Distribution  of  magnetism  in  soft  iron. — Jabon  has  recently 
conducted  a  series  of  experiments  on  the  distribution  of  the 
magnetism  in  a  square  bar  of  soil  iron,  two  meters  long  and  twenty 
milTimeters  on  a  side.  Its  ends  were  surrounded  with  coils  of  wire, 
through  one  or  both  of  which  a  current  from  twenty  Bunsen  celU 
could  be  passed. 

When  one  coil  only  was  used,  the  magnetism  at  a  distance  x 

was  expressed  by  the  quantity  — ,  in  which  A  =11*95  and  a  = 

1'161  in  this  particular  case.  In  other  words,  the  distances  being 
taken  in  an  arithmetical  progression,  the  magnetism  would  dimin- 
ish geometrically.  If  the  len^h  of  the  bar  was  not  indefinitely 
great,  the  effect  produced  was  the  same  as  if  the  curve  representing 
the  distribution  of  the  magnetism  was  reflected,  and  the  ordinates 
thus  obtained  added  to  those  of  the  first  curve. 

If  now  both  coils  were  employed  and  the  currents  sent  in  the 
same  direction,  the  reflected  portion  of  one  neutralized  that  of  the 
other.  But  if  sent  in  opposite  directions,  so  that  both  ends  of  the 
bar  should  be  north  or  both  south,  the  reflected  portions  added, 
and  the  total  attracting  power  of  the  bar  was  increased  by  this 
amount.  This  result  seems  to  be  quite  at  variance  with  Ampere's 
theory  of  magnetism.  All  these  conclusions  are  sustained  by 
series  of  observations  which  show  a  remarkable  agreement  with 
theory. —  Comptes  Rendus^  Ixxviii,  95.  e.  c.  p. 

7.  Electro-torsion. — Mr.  George  Gore  presented  to  the  Royal 
Society,  at  a  recent  meeting,  a  communication  on  the  twisting  of 
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iron  rods  whilst  under  the  influence  of  electric  currents.  This 
effect  is  by  no  means  a  microscopic  one,  but  may  be  made  to  ex- 
ceed, in  some  cases,  a  twist  of  a  quarter  of  a  circle,  the  end  of  a 
suitable  index  moving  through  a  space  of  eighty  centimeters.  It 
is  always  attended  by  emission  of  sound. 

The  torsions  are  produced  by  the  combined  influence  of  helical 
and  axial  currents,  one  current  passing  through  a  long  copper- 
wire  coil  surrounding  the  bar  or  wire,  and  the  other  in  an  axial 
direction  through  the  iron  itself.  The  cause  of  them  is  the  com- 
bined influence  of  magnetism  in  the  ordinary  longitudinal  direc- 
tion, induced  in  the  bar  by  the  coil  current,  and  transverse  magnet- 
ism induced  in  it  by  the  axial  one. 

The  torsions  are  remarkably  synmietrical,  and  are  as  definitely 
related  in  direction  to  the  electric  currents  as  magnetism  itselt 
The  chief  law  of  them  is,  a  current  flowing  from  a  north  to  a  south 
pole  produces  left-handed  torsion,  and  a  reverse  one,  right-handed 
torsion,  i  e.,  in  the  direction  of  an  ordinary  screw.  Although 
each  current  alone  will  produce  its  own  magnetic  effect,  sound, 
and  internal  molecular  movement,  neither  alone  will  twist  the  bar, 
unless  the  latter  has  been  previously  magnetized  by  the  other. 
Successive  coil-currents  alone  will  not  produce  torsion,  neither  will 
successive  and  opposite  axial  ones. 

Signs  of  electro-torsion  were  obtained  with  a  bar  of  nickel,  but 
not  with  wires  of  platinum,  silver,  copper,  lead,  tin,  cadmium, 
zinc,  magnesium,  aluminum,  brass  or  German  silver,  or  with  a 
thick  rod  of  zinc,  or  a  cord  of  gutta-percha. — Nature^  Jan.  19th. 

K.  c.  p. 

8.  Physiology  of  Plight — M,  Mabet,  having  in  a  previous 
paper  shown  the  path  described  bv  the  wing  of  a  bird  and  its 
effect  on  the  motion  of  the  animal,  now  describes  some  experi- 
ments with  artificial  wings  with  which  he  attempts  to  raise  bodies 
of  greater  or  less  weight.  That  the  apparatus  may  raise  itself,  it 
is  necessary  that  the  moment  of  the  moving  force  shall  be  a  lit- 
tle greater  than  that  of  the  resistance  of  the  air,  and  that  the 
magnitude  of  this  resistance  shall  be  for  each  wing  one  half  the 
weight  of  the  mass  to  be  raised.  If  we  suppose  the  wing  trian- 
gular and  the  resistance  of  the  air  proportional  to  the  square  of  the 
velocity,  the  point  of  application  of  the  resultant  will  be  on  the 
line  bisecting  the  wing  at  f  tbs  of  the  distance  from  the  joint  to  the 
tip.  To  assure  himself  that  these  conditions  were  fulfilled  in 
nature,  he  measured  the  statical  effort  of  which  the  pectoral  mus- 
cles were  capable,  their  point  of  insertion,  the  form  of  the  w^ings, 
and  the  weight  of  the  body  of  various  birds.  He  then  constructed 
a  mechanical  arrangement  by  which  the  natural  movements  might 
be  imitated.  But  on  comparing  the  velocities  Required  with  those 
obtained  from  registering  the  motion  of  the  wings  of  real  birds, 
he  found  that,  to  raise  itself^  the  wings  of  the  machine  should  have 
a  velocity  three  to  four  times  that  of  the  wings  of  the  bird.  Or, 
that  in  tne  latter  case  the  resistance  of  the  air  seemed  to  be  from 
nine  to  sixteen  times  that  in  the  former.    The  more  he  repeated 
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these  experiments  the  more  convinced  he  became  that  the  reastr 
ance  of  the  air  under  the  wings  of  birds  would  not  be  sufficient  to 
sustain  them,  if  it  was  not  increased  by  some  condition  wanting  in 
the  mechanical  device.  Thin  condition  he  claims  is  found  in  the 
increased  resistance  due  to  the  motion  of  translation  of  the  bird. 

Air,  like  all  movable  bodies,  possesses  inertia,  so  that  when  acted 
on  by  a  force  it  at  first  resists  strongly,  then  acquires  a  velocity, 
and  tends  to  preserve  it  after  the  original  force  ceases  to  act 

The  resistance  of  the  air  to  a  body  moving  uniformly  may 
therefore  be  divided  into  a  constant  condition,  preceded  and  fol- 
lowed by  a  variable  condition,  produced  when  the  body  starts  or 
stops ;  the  pressure  in  the  first  case  being  greater,  and  in  the  lat- 
ter less,  than  the  normal.  Admitting  then  that  the  resistance  of 
the  air  attains  its  maximum  when  the  body  starts,  it  is  clear  that 
the  wing  of  a  bird  ought  to  find  a  more  solid  support  in  the  air, 
if  throughout  its  whole  stroke  it  can  place  itself  in  this  condition. 
But  in  consequence  of  the  motion  of  translation  of  the  bird,  the 
wing  is  continually  acting  on  a  new  portion  of  the  air,  which,  oo 
account  of  its  rapid  motion,  has  no  time  to  acquire  its  velocity. 
It  is  therefore  compressed  and  offers  its  maximum  resistance. 

To  prove  the  correctness  of  this  theory,  it  was  necessary  to  im- 
part a  horizontal  velocity  to  the  artificial  bird,  and  to  see  if  there 
was  any  increased  resistance  to  the  motion  of  the  wings.  A  little 
steam-engine  working  uniformly,  put  in  motion  an  air-pump,  which 
in  turn  moved  the  wings  regularly.  The  noiachine  was  placed  at 
the  end  of  a  long  arm  free  to  revolve,  so  that  while  in  action  it 
could  receive  a  rapid  motion  in  a  large  circle.  Under  these  condi- 
tions he  found  that  when  at  rest  the  wings  moved  through  an 
angle  of  60°,  but  when  moving  with  a  velocity  of  ten  meters  per 
second,  the  angle  was  reduced  to  30°,  or  even  20®,  while  employing 
the  same  power.  Fearing  that  centrifugal  force  might  interfere 
with  the  results,  the  experiment  was  repeated,  giving  a  rectilinear 
motion  to  the  machine,  and  a  similar  effect  was  observed. 

Many  familiar  facts  are  thus  easily  explained.  Thus,  when  a 
bird  rises,  the  extent  of  motion  of  the  wings  is  much  greater  than 
when  it  has  acquired  a  large  horizontal  velocity.  When  attached 
to  a  cord  it  falls,  notwithstanding  its  flapping,  as  soon  as  the  ten- 
sion arrests  its  horizontal  motion.  When  a  bird  is  suspended 
from  a  bar  which  is  caused  to  revolve  so  that  it  shall  fly  in  a  cir- 
cle, and  a  rapid  motion  is  imparted  to  it,  the  strokes  of  the  wing 
take  place  very  slowly,  sometimes  only  once  a  second  in  the  case 
of  a  pigeon,  instead  of  eight  times  a  second,  which  is  their  normal 
rapidity. —  Comptes  Rendus^  121.  e.  c.  p. 

9.  7 he  Vermicidites :  their  CrystaUographicand  Chemical  rela- 
tions to  the  Micaihy  togetJier  with  a  discussion  of  the  cau^e  of  the 
vari(itio7i  of  the  optical  angle  in  these  minerals  ;  by  Josiaii  P. 
CooKE,  Jr.* — Introduction.  —  In  the  American  Journal  of  Sci- 
ence (vii,  55,  1824),  T.  II.  Webb  described  a  mineral  from  Mill- 
bury,  near  VVorcester,  Mass.,  which  has  since  been  a  mineralogical 

*  Abstract  of  a  paper  published  in  the  Proceedings  of  the  American  Academj 
of  Arts  and  Sciences,  voL  ix,  page  35 ;  prepared  for  this  Journal  by  the  author. 
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cariosity  on  account  of  its  sinmilar  reaction  when  heated.  The 
mineral  consists  of  ^^  small  foliated  scales  distributed  through  a 
steatitic  base."  When  heated,  it  exfoliates  prodigiously,  the  scales 
opening  out  into  long  worm-like  threads  made  up  of  the  separate 
folise.  Exfoliation  commences  at  500°  to  600°  Fahn,  and  takes 
place  with  so  much  force  as  often  to  break  the  test-tube  in  which 
the  mineral  may  be  confined.  Before  the  blowpipe  it  fuses  at  3*5 
to  a  gniyish-black  glass.".  It  was  named  by  Webb,  as  he  says, 
"  from  the  Latin  vermicular^ '  I  breed  worms.' "  The  hardness  of 
the  mineral  is  1-2,  the  specific  gravity  2*756,  the  luster  talcose,  and 
the  color  grayish,  somewhat  brownish.  It  was  analyzed  by  Cross- 
ley,  who  "  separated  with  great  care  from  the  base  the  scaly  min- 
eral, w^hich  IS  the  true  vermiculite,"  and  his  results  were  as 
follows : — 

Oxygen  Batlo.  OzyKen  Batlo. 

1.  True.      App.         8.  Trae.   App. 

Silica 35-74  19-06  19-06  11  35-74  19*06  19*06  2 

Alumina 16-42  7*65  7*66  4  16-42  7*65 

Ferric  oxide.  11*13  3*34  10*99  1 

Ferrous  oxide  10*02  2*23 

Magnesia 27*44  10*98  13-21  7  27*44  10-98  10  98  1 

Water 10*30  9*16  9*16  5  10*30  9*16  9*16  1 


99*92  10103 

The  results  of  analysis  in  column  1,  and  the  portions  of  the 
description  of  the  mineral  in  quotation-marks,  above,  have  been 
taken  from  "  Dana's  System  of  Mineralogy,"  fifth  edition,  page 
493  ;  and  the  atomic  ratio  which  is  there  deduced  is, 

IT        n        n        n 

Si  I  Bi  :  It  :  H=ll  :  4  :  7  :  5. 

In  this  analysis,  however,  Crossley  could  not  have  determined  the 
state  of  the  iron,  which,  in  the  specimen  I  have  examined,  is  almost 
wholly  in  the  ferric  condition.  If  now  we  assume  that  the  whole 
of  the  iron  belongs  with  the  sesquioxide  radicals,  the  analysis 
would  appear  as  in  column  2,  and  the  atomic  ratio  is  then  seen  to 
be  2  ;  1  :  1  :  1,  which  is  undoubtedly  the  correct  result. 

In  the  year  1861,  Mr.  W.  W.  Jefferis,  of  West  Chester,  Pa., 
discovered  at  the  ripidolite  locality  near  that  town  a  peculiar  mica- 
ceous mineral  which  exfoliates  like  the  Millbury  vermiculite,  but 
which,  instead  of  occurring  in  small  folia?,  is  found  in  large  hexag- 
onal plates.  This  mineral  was  analyzed  by  Professor  Brush ;  and 
although  at  first  referred  by  him,  "  with  a  query,"  to  vermiculite 
(this  Jour.,  II,  xxxi,  369,  1861),  was  subsequently  described  as  a 
new  species  (this  Jour.,  II,  xli,  248,  1866),  and  named  Jefferisite. 

Several  years  later,  Mr.  John  Hall,  now  of  Phijadelphia,  sent  to 
me  for  examination  some  rough  six-sided  prisms  of  a  micaceous 
mineral,  which  he  had  discovered  at  East  Nottingham,  in  Chester 
County,  Pa.  Tliia  mineral  also  exfoliates  when  heated.  It  is  a 
new  species,  and  I  have  named  it,  after  the  discoverer,  Hallite. 

A  year  since  I  received  from  Colonel  C.  W.  Jenks,  in  connection 
with  other  minerals  from  his  corundum  mine  on  the  Culsagee  river. 
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in  Macon  Countj,  N.  C,  a  specimen  of  still  another  micaceoiu 
mineral  having  the  same  remarkable  pyrognostic  properties.  It 
proved  to  be  the  best  defined  of  any  of  this  class  of  minerals 
which  I  had  examined,  and  I  shall  designate  it  as  Cnlsageeite. 

Besides  the  above,  there  have  been  fonnd  several  other  micaceoas 
minerals  whose  pyrognostic  and  crrstallographic  characters  indi- 
cate that  they  belong  to  the  same  family,  but  which  have  not  yet 
been  investigated. 

The  remarkable  exfoliation  and  great  apparent  increase  of  vol- 
ume which  the  class  of  minerals  under  consiaeration  undergo  when 
heated  are  analogous  to  the  well-known  phenomena  presented  in 
the  dehydration  of  alum,  borax  and  other  crystalline  salts,  when 
heated  in  a  similar  way ;  and  it  will  be  one  object  of  this  paper  to 
show  that  the  effect  is  due  to  the  same  cause, — ^namely,  to  the  es- 
caping of  what  we  call  water  of  crystallization.  I  also  expect  to 
show  that  the  several  minerals  referred  to  above  are  members  of  a 
family  of  hydrous  silicates  closely  allied  and  parallel  to  the  well- 
known  fanuly  of  anhvdrous  silicates  called  the  micas,  and  that 
their  molecules  differ  from  those  of  the  magnesian  micas  chiefly  in 
containing  a  definite  number  of  molecules  of  water ;  that  is,  water 
of  crystallization.  I  shall  call  this  family  of  minerals  '^  the  ver- 
miculites,"  using  the  original  name,  as  ''  mica ''  is  now  employed, 
to  designate  a  class ;  and  I  shall  call  the  three  species  (or  varie- 
ties ?)  of  this  family  Jefferisite,  Cidsageeite  and  Hallite ;  which 
correspond,  as  I  expect  to  show,  to  the  two  varieties  of  Biotite 
and  to  Phlogopite  respectively.  It  will  appear  that  the  original 
vermiculitc  has  the  same  composition  as  the  variety  from  the 
Culsagee  mine.  Finally,  attention  will  also  be  asked  to  some 
unexpected  discoveries  to  which  the  optical  examination  of  these 
minerals  has  led. 

Jefferisite,  of  West  Chester, — The  crystals  of  Jefferisite  cleave 
like  mica,  affording  thin  but  unelastic  folia.  The  cleavage  planes 
are  marked  triangularly  by  lines,  crossing  at  angles  of  60*^  and 
120°.  In  some  cases  there  is  a  jointing  as  in  crystals  of  mica, 
parallel  to  the  shorter  diagonal  of  the  rhomb.  One  crystal  sent 
me  by  Mr.  Jefferis  is  the  half  of  a  rough  hexagonal  prism,  an  inch 
and  a  quarter  high  by  two  inches  in  aiameter.  The  plane  of  the 
optical  axes,  as  in  the  larger  number  of  micas,  . 

is  parallel  to  one  of  these  lines,  as  indicated  in  jj 

fig.  1,  coinciding  with  the  shorter  diagonal  of  '       '"^ 

the  rhombic  pnsm,  which  appears  to  be  the 
fundamental  form  in  all  this  class  of  minerals, 
and  from  which  the  hexagonal  form  is  derived 
by  the  truncation  of  the  two  acute  angles.  The 
double  refraction  is  strongly  negative,  but  the 
angle  between  the  optical  axes  varies  in  the 
most  remarkable  manner.  I  have  measured 
angles  on  different  plates,  of  27*^,  24°  and  10®,  and  observed  many 
intermediate  conditions.  Owing  to  the  deep  yellow  color,  the 
plates  become  opaque  at  a  very  moderate  thickness,  and  for  this 
reason  it  is  impossible  to  measure  the  angle  with  great  precision. 
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me  of  the  plates  are  apparently  uniaxial ;  bat  this  may  result 
•m  the  blenaing  of  the  two  hyperbolas,  due  to  the  thinness  of 
3  plate.  The  dispersion  of  the  axes  is  but  slight,  and  only  per- 
ptible  in  the  thicker  laminie  when  p<  t'.  It  is  obvious,  there- 
*e,  that  the  crystallographic  characters  of  the  mineral  are  identi- 
i  with  those  of  mica. 

The  plates  are  generally,  if  not  invariably,  twinned,  and  the 
inning  is  the  cause  of  this  most  remarkable  variation  in  the 
tical  angle,  as  will  be  explained  at  length  in  connection  with 
r  description  of  Culsageeite,  On  this  last  mineral  the  same 
enomcna  are  more  marked,  owing  chiefly  to  the  greater  trans- 
rency  of  the  plates. 

In  order  to  illustrate  the  chemical  relations  of  the  mineral  to  the 
otite  micas,  we  give  below  :  1st.  The  results  of  the  analysis  of 
fferisite  by  Prof  Brush.  2d.  The  same  results,  calculated  for 
e  anhydrous  mineral.  3d.  The  results  of  an  analysis  of  a  Biotite 
ca,  from  Pargas,  Finland,  by  Svanberg.  In  each  case  I  have 
ded  the  amounts  of  oxygen  in  the  several  oxides,  to  show  the 
jmic  ratios : — 

§i  Xl         Pe         f'e        *g        Ca       i         fi 

I     37-10      17-67    10-54     1-26     19-66    066    0*43    13-76=:lOO-87 
19-78        8-18      3-16       '28      7-86       ^16       '07     12*23 
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Si  2^1         7e        An       Ag        Ca       £        ]S[        F 

42-58     21-68    10-39     -75    10-27    1-04    8-46  3-36     -51  =  99-01 
22-71      1010      3-12     -17      4-11      -30    1*43   298 


22-71  13-22  8-99 

5-  3'  2* 

The  general  symbol  of  Jefferisite  deduced  from  (1)  would  be, — 

II         VI 

A  comparison  of  the  results  given  in  (2)  and  (3)  will  show  that 

3  anhydrous  Jefferisite  corresponds  very  closely  in  its  chemical 

Dstitution  with  the  Biotite  mica  from  Pargas.     The  chief  difler- 

ce  is  to  be  found  in  the  fact  that  the  mica  contains  potassium 

d  basic  hydrogen,  in  place  of  more  than  one-half  of  the  magne- 

im  of  the  Jefferisite.     It  should,  however,  be  remembered  in  this 

nnection  that  the  Biotites  present  a  very  wide  variation  in  the 

tio  between  the  amounts  of  the  protoxide  and  sesquioxide  radi- 
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cals  which  the  variouB  varieties  contain.  The  limits  usaally  as- 
signed to  this  variation  con*espond  to  the  ratios — 

R  :  ft  :  Si  =  1  :  2  :  3,  and  R  :  ft  :  Si  =  1  :  1  :  2, 

and  the  Pargas  mica  with  the  ratio  2:8:5  falls  between  these 
limits ;  but  the  Culsagee  variety  of  vermiculite  corresponds  to  the 
more  common  class  of  Biotites,  which  have  the  ratio  1:1:2. 

But  this  resemblance  in  chemical  constitution  only  appears  when 
we  compare  the  Biotite  mica  with  the  anhydrous  Jeffensite ;  while 
it  is  the  crystallized  hydrous  Jefferisite  which  so  closely  resembles 
the  magnesian  micas  in  its  crystallographic  relations;  and  the 
question  now  arises,  What  is  the  condition  of  the  large  amount 
of  water — 12 J  per  cent — which  the  crystallized  mineral  contains? 

To  aid  us  in  forming  a  conclusion  on  this  point,  we  have  the 
following  evidence : — 

First  As  the  above  analysb  shows,. the  wat^r  is  united  in  defi- 
nite and  atomic  proportions  amounting  to  six  molecules  to  every 
five  molecules  of  silicon  in  the  molecules  of  the  mineral,  that  is, 
sufficient  to  convert  all  the  silicon  into  a  hydrate,  assuming  that 
the  five  silicon  atoms  in  this  hydrate  are  jomed  to  each  other  by 
the  smallest  possible  number  of  bonds. 

Secondly.  While  both  the  crystallographic  and  the  chemical 
relations  of  Jefierisite  to  the  other  vermiculites,  and  to  the  mag- 
nesian micas,  indicate  that  the  mineral  is  an  orthosilicate,  the 
amount  of  basic  radical,  exclusive  of  the  water,  is  amply  sufficient 
to  saturate  the  atomicity  of  the  silicon. 

Thirdly.  It  was  observed  by  Prof.  Brush — and  his  observations 
have  been  fully  confirmed  by  ourselves — that  the  water  is  given 
off  at  a  comparatively  low  temperature, — about  300°  C. ;  and,  as 
every  mineralogist  knows,  this  dehydration  is  attended  with  that 
remarkable  exfoliation  which  is  characteristic  of  the  vermiculites, 
and  indicates  a  complete  disintegration  of  the  molecular  structure. 
This  exfoliation  is  wholly  different  from  the  phenomena  which  the 
so-called  hydrous  micas  present  under  like  conditions.  In  these 
last — which,  as  we  suppose,  contain  hydrogen  as  a  part  of  the 
basic  radical  of  their  molecules — a  very  high  temperature  is  re- 
quired to  expel  the  water,  and  the  loss  is  attended  by  no  such 
marked  change  of  volume  and  disintegration. 

The  conclusion  that  we  draw  from  these  facts  is,  that  the  com- 
bined water  is  in  the  same  condition  in  Jefferisite  as  in  the  zeolites, 
and  in  many  crystallized  salts, — a  condition  whicn  has  long  been 
known  in  chemistry  as  water  of  ci^ystallizatio7i.  We  shall  not 
here  attempt  to  discuss  what  are  the  relations  of  the  water  thus 
combined  to  the  molecular  structure  of  the  mineral.  This  ques- 
tion is  still  in  suspense,  and  we  are  pei*suaded  that  our  science  is 
not  yet  in  a  condition  to  solve  the  p?-oblem.  All  that  we  can  at 
present  do  is  to  classify  the  phenomena  presented  by  the  exfolia- 
tion of  the  vermiculite  minerals  with  the  efflorescence  of  Glauber's 
salt  or  the  intumescence  of  alum,  and  our  object  is  simply  to  make 
prominent  the  two  points :  1st.  That  the  crystallographic  struc- 
ture of  Jefferisite  is  identical  with  that  of  the  magnesian  micas. 
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2d.  That  the  chemical  constitution  of  the  aofaydroas  mineral  ia 
closely  allied  to  that  of  Biotite. 

CviaageeiUorthe  VermiculiUo^ttteJenka  Mine,  North  Carolina, 
— The  Termicnlite  at  this  locality  occure  in  close  contact  with 
ripidolite,  and  is  frequently  interlaminated  with  it,  but  the  two  are 
ahoaya perfectly  diatinct,  thus  entirely  disproTing  the  theory  that 
'he  venniculite  was  derived  from  the  ripidolite  by  weathering.  It 
occurs  in  large  plates  having  more  or  leaa  of  an  hexagonal  outline. 
Some  of  tboae  received  from  Col.  Jenks  were  five  inches  in  diam- 
eter. It  faas  a  greeniBb-vellow  color,  which  is  very  much  lighter 
than  that  of  the  West  Cheater  variety.  The  plates  are  strongly 
marked  by  lines  crossing  at  angles  of  60°  and  120°,  like  those 
from  West  Chester ;  but  these  lines  are  more  marked  in  the  North 
Carolina  variety.  This  variety  is  also  much  more  friable  than  the 
other,  and  readily  breaks  in  directioDS  parallel  to  these  lines, — 
yielding  rhombic  plates  with  angles  of  120*  and  60°,  and  more 
readily  hexagonal  or  triangular  plates,  produced  by  the  truncation 
of  the  60°  angle  of  the  rhombic  plate,  on  a  line  parallel  to  the 
shorter  diagonal  of  the  fundamental  rhomb.  The  plates  most 
readily  break  parallel  to  this  diagonal,  and,  like  the  speoimens  fi'om 
West  Chester,  are  frequently  jointed  in  this  direction.  Like  other 
micaceous  minerals,  the  plates  cleave  readily  parallel  to  the  basal 
plane,  yielding  very  thin  foliie,  exceedingly  flexible  bat  not  elastic 
riie  optical  characters  are  the  same  as  those  of  the  West  Chester 
variety, — strong  negative  double  refraction  yielding  a  biaxial  ring 
Bystem,  with  uniform  distribution  of  colors,  and  very  variable 
optical  angle.  I  have  measured  angtes  from  about  30°  to  about 
13°.  The  angle  often  varies  widely  m  different  parts  of  the  same 
plate,  'fhuB  I  have  measured  on  different  laminra,  from  a  single 
plate  not  exceeding  three  inches  in  diameter,  the  three  angles,  30°, 
24°,  and  13°;  and  again  I  have  noticed  a  similar  variation  on  one 
and  the  same  lamina.  Indeed,  the  phenomena  which  I  olwerved 
were  almost  identical  with  those  I  nad  previously  observed  on 
plates  of  ripidolite  from  Texas,  Pennsylvania,  loc.  cit.  On  moving 
the  lamina  just  referred  to  parallel  to  itself,  in  front  of  the  polar- 
izing microscope,  the  optic  angle  varied  as  I  paflsed  from  one  side 
of  the  field  to  the  other.  Beginning  with  a  value  of  about  30", 
the  angle  decreased  to  about  13°.  Moving  the  plate  still  further, 
I  found  a  region  of  indiHtinctness,  and  then  the  axes  opened  again, 
— the  new  plane  making  an  angle  of  120°  to  the  old.  I  had  evi- 
dently here  a  macling  precisely  similar  to  that 
I  had  previously  described  in  the  Texas  ripido-  ^'  ^ 

lite,  and   shown   in  fig.  2,  where  the  lines  of 
shading  i-epresent  the  position  of  the  plane  of 
the  optical  axes.     This  represents  what  wc  may 
call  an  idoal  made;   for   1  have  seldom  been    i 
able  to  trace  more  than  three  individmds  on   , 
the  same  plate,  and,  as  a  rule,  these  are  very 
unequally  developed.     On  many  of  the  speci- 
mens of  the  North  Carolina  vermiculite,  the  '  ** 
macling  is  externally  marked  by  the  eminent  cleavage  or  jointing 
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parallel  to  the  shorter  diagonal  of  the  rhomb  section,  and  in  seve- 
ral of  the  specimens  I  have  examined  it  was  quite  symmetrical 
A  study  of  these  specimens  led  me  to  an  explanation  of  the  cause 
of  the  remarkable  variation  of  the  optical  angle,  which  I  believe 
not  only  applies  to  the  vermiculites  and  ripidolites,  but  also,  in 
many  cases  at  least,  to  the  micas.  It  would  be  expected  that  the 
several  members  of  such  maclcs  as  fig.  2  represents  would  pene< 
trate  each  other,  and  I  therefore  made  a  series  of  experiments  to 
ascertain  what  would  be  the  effect  of  the  interfoliation  of  lamioaB 
in  which  the  planes  of  the  two  sets  of  optical  axes  had  the  same 
relative  position  as  in  the  several  members  of  the  made.  To  that 
end  I  divided  a  plate,  which  represented  the  largest  optical  angle 
I  had  observed,  into  as  thin  laminae  as  possible,  and  then  superim- 
posed them  in  the  relative  position  I  have  mentioned,  so  that  the 
planes  of  the  optical  axes  should  be  inclined  at  an  angle  of  60^ 
The  result  was — when  the  thickness  of  the  plates  in  each  position 
was  nearly  equal — that  a  symmetrical  ring  system  was  obtained, 
in  which  the  optical  angle  was  about  13  , — the  smallest  I  had 
measured;  and,  by  varying  the  relative  thickness,  intermediate 
degrees  of  optical  divergence  were  produced.  By  now  introduc- 
ing lamime  into  the  compound  crystal,  in  the  position  of  the  third 
member  of  the  made, — that  is,  with  the  plane  of  the  optical  axes 
in  the  position  of  the  third  diagonal  of  the  hexagon, — the  appa- 
rent angle  could  be  reduced  still  further,  so  that  the  plate  was 
apparently  uniaxial.  Although  these  experiments  were  sufficient 
to  show  that  the  macling  was  an  adequate  explanation  of  the 
apparent  variation  of  optical  angle  I  had  observed  in  the  plates 
of  ripidolite  and  Jefferisito,  they  also  raised  the  question  how  far 
the  effect  I  had  obtained  in  my  experiments  might  be  due  to  the 
circumstance,  that,  on  account  of  the  deep  color  of  these  minerals, 
it  is  only  possible  to  experiment  on  very  thin  plates,  with  which, 
of  course,  the  rings  of  interference  are  very  wide,  and  the  hyper- 
bolas proportionally  indefinite.  I  therefore  next  made  a  similar 
experiment  with  a  well  known  phlogopite  mica  from  Jefferson 
County,  N.  Y.,  whose  crystals  are  very  aistinctly  macled  after  the 
type  of  fig.  2,  or  4,  the  plates  presenting  a  variation  of  optical 
angle  similar  to  that  I  have  described,  the  normal  axial  divergence 
being  about  16^°.  A  very  clear  portion  of  one  of  these  plates 
was  first  cut  into  a  regular  hexagon,  one  of  whose  diagonals  was 
in  the  plane  of  the  optical  axes.  This  hexagonal  plate  was  then 
split  into  twelve  laminae,  which  were  superimposed  with  the  inter- 
vention of  balsam,  and  in  alternating  positions,  like  the  members 
of  a  made, — the  optical  plane  in  each  of  the  laminae  making  an 
angle  of  60°  with  that  of  the  lamina  above  or  beneath  it.  The 
result  was  an  essentially  uniaxial  plate,  differing  from  a  plate  of 
uniaxial  mica  only  in  small  irregularities  in  the  contour  of  the 
rings,  such  as  the  lamination  would  be  expected  to  produce.  On 
repeating  now  this  experiment  with  a  Mnscovite  mica  having  a 
wide  optical  angle  about  03°,  I  obtained  a  most  remarkable  and 
unexpected   result, — a    structure    presenting   optical   phenomena 


Chemistry  and  Physics.  427 

Biniilar  to  those  of  a  plate  of  quartz  cub  perpendicularly  to  the 
principal  axis.  At  the  first  trial  I  obtained  a  compound  mica 
plate  showing  a  disc  of  color  in  the  center  of  the  field  whose  tint 
changed  during  the  rotation  of  the  analyzer,^-of  the  polarizing 
microscope, — luce  a  plate  of  left-handed  quartz ;  and,  on  superpos- 
ing a  plate  of  right-lianded  quartz,  the  spirals  of  Airy  at  once 
appeared.  The  rings,  however,  were  wholly  broken  up,  and 
appeared  only  in  irregular  patches  of  color.  This  irregularity 
was  due  to  the  unequal  thickness  of  the  laminaB  employed,  and  I 
found  it  impossible  to  split  up  one  and  the  same  hexagonal  plate 
of  mica  into  laminsB,  which  were  sufficiently  uniform  for  the  pur- 
pose. But  very  satisfactory  results  were  obtained  in  the  following 
way.  I  selected  for  the  purpose  the  very  clear  and  easily  cleav- 
able  mica  from  Grafton,  NT.  H. ;  and,  after  a  few  trials,  succeeded 
in  cleaving  off  very  thin  plates  of  considerable  size  and  nearly 
uniform  thickness.  Selecting  one  of  these  plates,  I  first  divided 
it  by  means  of  a  parallel  ruler  into  strips,  and  from  these  strips 
cut  out  the  hexagonal  laminae  by  means  of  a  steel  pattern  carefully 
made.  The  thin  mica  can  be  cut  with  perfect  accuracy  by  a  sharp 
knife  on  a  plate  of  glass.  The  hexagonal  laminae  thus  obtained, 
though  coming  from  different  parts  of  the  mica  plate,  were  opti- 
cally parallel  to  each  other;  ana  by  drawing  at  the  outset  a  line, 
witn  a  sharp  point,  near  the  corresponding  edges  of  the  several 
strips,  this  hue  served  as  a  guide  for  placing  the  hexagonal  lami- 
nae. From  laminae  thus  prepared,  plates  were  made  showing  the 
familiar  system  of  rings  as  perfectly  as  could  be  expected.  The 
best  results  were  obtained  from  plates  consisting  of  from  twelve 
to  twenty-four  laminae ;  and  the  character  of  the  resulting  plate, 
whether  left  or  right-handed,  was  found  to  depend  on  the  order 
of  the  spiral  arrangement.  If  in  building  up  the  pile  the  marked 
side  of  each  successive  lamina  is  turned  through  an  angle  of  60° 
in  the  direction  of  the  motion  of  the  hands  of  a  watch,  the  result 
corresponds  to  left-handed  quartz,  if  turned  in  the  reverse  direc 
tion  to  right-handed,  and  on  superposing  two  dissimilar  plates 
thus  prepared  I  obtained  again  the  spirals  of  Airy  in  great  per- 
fection. Thus,  then,  it  appears  that,  even  with  micas  of  the  widest 
optica]  angle,  we  can  build  up  a  structure  which  is  optically 
uniaxial.* 

*  The  great  difficulty  in  preparing  these  plates  is  to  obtain  thin  fihns  of  mica 
of  uniform  thickness,  which  are  of  sufficient  size  to  yield  a  dozen  or  more  lami- 
na; ;  and  the  more  nearly  we  have  succeeded  in  preparing  such  a  film,  by  splitting 
sheets  of  mica,  the  more  closely  we  have  been  able  to  imitate  the  phenomena  seen 
under  like  conditions  with  a  plate  of  quartz.  We  have  been  able  to  work  with 
films  which  meusured  with  a  spherometer  only  4 /in  of  an  inch  in  thicknessj  and 
have  not  obtained  good  results  with  those  which  were  much  thicker,  and  when 
thinner  than  this  the  mica  cannot  readily  be  cut  into  shape.  The  least  inequality 
in  the  thickness  of  the  several  laminae  composing  the  same  plate  more  or  less 
mars  the  effect ;  and,  although  some  of  the  striking  features  seen  with  quartz  may 
remain,  such  as  the  succession  of  colors  on  revolving  the  analyzer,  and  even  the 
spirals  of  Airy,  yet  the  more  delicate  phases  of  the  phenomena  disappear.  The 
plate  changes  oolor  when  revolved  on  its  own  plane,  the  rings  lose  their  circular 
form  and  become  confused,  and  the  violet  cross  disappears.  Moreover,  as  regards 
the  conditions  which  determine  the  phase  of  the  circular  polarization,  the  law 
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The  theoiT  which  I  hare  formed  to  acconnt  for  these  facts  is  u 
follows.  We  may  cooceive  that  the  molecule  of  mica  ia  an  ellip- 
soid, whose  elliptical  section,  , 
through  the  longer  axis,  can  be 
inscribei)  in  the  rhomb  of  60" 
and  ISO*.  Assume  now  that 
those  molecules  have  polarity, 
the  rhombic  prism  would  oe 
the  normal  result  of  their  as-  ^ 
Bociation,  as  represented  in  fig. 
8.  We  may,  however,  conceive 
that  three  of  these  molecules 
may  become  associated  by  al- 
ternate single  poles  to  form  a  nucleus,  such  as  represented  in  fig. 
4.  Such  a  group  once  formed  would  be  in  a  condition  of  great 
stability,  resulting  from  the  ooncarrent  action  of  the  seTeral  pok-s ; 


and  if  now  each  of  the  molecules  develops  into  a  crystal,  the  result 
would  be  a  made  of  a  form  which  is  verv  common  in  the  mineral 
kingdom.     If  six  molecules  unite  in  a  similar  way  to  form  a  nil- 

staled  above  can  only  be  affirmed  with  certaiotj  of  ptstcs  conBiBting  of  Umbn 
which  rery  nearly  fulfill  the  oonditionB  we  huo  described.  Very  email  inequalitieB 
of  thichneBS  renders  the  effect  irregular,  and  made  it  at  first  difScutt  to  diwoTCT 
the  law.  Our  eiperinientK  have  been  a  genes  of  approximations ;  and,  althou^A 
we  may  never  be  able  with  our  rude  appliances  to  oonipete  with  nature  in  tbe 
mflDufaclure  o£  imiaiial  crystalH,  yet  we  have  spproacbod  so  near  to  the  perfect 
result  as  to  be  able  to  point  out  with  conHdence  one  way,  at  least,  by  which  the 
effects  seen  in  oatural  crystals  may  be  produced.  Wo  have  usuall;  cut  the  lam- 
ime  into  re^lar  hoisj^ns,  but  equilateral  trianglen  might  more  easily  be  cnt.  and 
would  probably  give  as  jirood  results  ;  for,  although  tiie  errors  of  position  migbt 
not  be  BO  well  distributed,  we  hare  found  that  a  Blight  variation  in  the  relative 
position  of  the  lamincc  injures  the  result  to  a  far  less  degree  than  the  least  ine- 
quality in  their  thickness.  It  still  remains  to  make  careful  quantitative  measuie- 
caenls  of  the  effects  produced  under  determinate  conditions ;  and,  as  can  easily  be 
■een,  the  subject  opens  a  wide  field  for  matbemaUcal  analysis  as  veil  as  physical 
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cleus,  as  in  fig.  5,  we  should  also  have  stable  equilibrium  (although 
less  firm  than  before),  and  the  result  of  a  symmetrical  develop- 
ment would  be  a  made  such  as  has  been  represented  in  fig.  2. 
Whether  this  more  complex  arrangement  is  necessary  in  order  to 
explain  the  phenomena  presented  by  the  vermiculites  and  micas.  I 
do  not  feel  confident,  it  is  seldom  that  more  than  three  individ- 
uals can  be  distinguished  on  a  given  plate ;  and  the  very  unequal 
development  of  the  several  individuals,  and  the  indefiniteness  of 
the  lines  of  demarcation,  resulting  from  the  phenomena  which 
have  been  described,  render  what  would  seem  to  oe  a  characteristic 
feature  of  the  more  complex  group  not  necessarily  a  certain  indi- 
cation of  the  structure.  I  refer  to  the  fact,  very  constantly 
noticed,  that  the  plane  of  the  optical  axes  is  parallel  to  the  nearest 
hexai^onal  edge,  as  shown  in  fig.  2.     In  fi^s.  4  and  5  this  same 

Elane  is  parallel  to  the  shorter  axis  of  the  ellipse  I  and  it  can  easily 
e  seen  that  if  either  of  the  individual  of  fig.  4  were  developed 
over  any  large  portion  of  the  space  of  its  neighbors,  the  optical 
plane  might  appear  parallel  to  the  adjacent  edge. 

Having  made  the  two  suppositions,  as  above,  to  explain  the 
phenomena  of  twinning,  which  have  been  long  familiar  and  ex- 
ternally visible,  it  will  not,  we  trust,  appear  unreasonable  if  we 
make  a  third  supposition  to  explain  the  phenomena  first  described 
in  this  paper.  We  may  conceive  that  the  ellipsoidal  molecules, 
instead  of  grouping  together  on  the  same  plane,  oecome  associated 
by  their  alternate  poles,  one  over  the  other,  as  represented  in  fig. 
6.     Molecules  so  associated,  developing       '  ^ 

laterally,  would  produce  the  laminae  of  a 
mica  plate  in  the  relative  position  in  which 
we  have  placed  them  in  our  artificial  crys- 
tals, with  only  this  difference,  that  the 
laminas  would  be  indefinitely  thin,  and  in 
exact  position ;  and  the  effect  of  such 
compound  molcKSules  in  modifying  the 
elasticity  of  the  crystalline  structure  must 
be,  in  most  respects  at  least,  like  that  of 
single  molecules,  symmetrical  on  all  sides 
of  one  line  or  axis, — in  other  words,  they 
must  produce  a  structure  similar  to  that 
of  uniaxial  crystals.  Under  what  further 
conditions  the  grouping  of  the  molecules,  in  right  or  left-handed 
spirals,  determines  the  phenomena  of  right  or  left-handed  circular 
polarization,  and  what  bearing  the  new  facts  may  have  on  the 
received  theory  of  these  phenomena  as  they  appear  in  quartz, 
must  be  left  for  further  analysis  to  discuss. 

I  pass  next  to  consider  the  composition  of  the  Culsagee  vermic- 
ulite,  and  I  give  below,  at  (1),  (2),  and  (3),  the  results  of  three 
analyses,  made  by  myself,  together  with  the  corresponding  oxygen 
ratios. 

The  pulverized  mineral,  after  it  has  been  exfoliated  by  heat,  is 
easily  and  perfectly  decomposed  by  hydrochloric  acid.     In  analy- 
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sis  (1),  after  the  separation  of  the  silica,  the  alumina  and  ferric 
oxide  were  separated  from  the  magnesia  by  anmionia,  with  the 
usual  precautions.  In  (2)  and  (3)  the  bases  were  converted  into 
nitrates  and  separated  by  Deville's  method.  In  each  case  the 
magnesia  was  weighed  as  pyrophosphate,  and  the  alumina  and 
ferric  oxide  were  weighed  together. 

All  three  analyses  were  made  with  material  rendered  anhydrous 
by  ignition  until  the  weight  was  constant,  and  each  is  represented 
by  three  distinct  determinations ;  namely,  the  weight  of  the  silica, 
toe  sum  of  the  weight  of  the  alumina  and  ferric  oxide,  and  the 
weight  of  the  magnesic  pyrophosphata  The  oxides  of  iron  and 
the  water  were  once  for  all  determmed  on  separate  portions  of  the 
dried  but  not  exfoliated  mineral,  and  therefore  appear  of  the  same 
value  in  all  the  analyses. 

The  determination  of  the  water  was  the  only  difficulty  which 
the  analysis  of  this  mineral  presented.  It  is  by  far  the  most 
hygroscopic  silicate  I  have  ever  examined,  when  once  dry  ab8orl> 
ing  water  from  comparatively  dry  air  with  almost  as  much  avidity 
as  chloride  of  calcium.  In  two  experiments  with  different  portions 
of  the  same  powder,  the  material  was  heated  in  an  air  bath,  at 
100°  C,  for  seventy-two  hours  before  the  weight  became  constant; 
and  in  each  case  the  weight  was  compared  at  intervals  of  about 
six  hours.  The  total  loss  in  the  first  experiment  was  10*27  per 
cent,  and  in  the  second  10'19  per  cent.  The  mineral  thus  dried, 
lost,  when  ignited,  10*84  per  cent.  Another  portion  of  the  same 
powder,  which  had  been  dried  over  sulphuric  acid  for  more  than 
two  months,  lost,  when  ignited,  1 1  '09  per  cent.  This  close  agree- 
ment indicates  that  all  the  water  lost  in  drying,  either  at  lOtr'  or 
over  sulphuric  acid,  is  hygroscopic ;  and  the  conclusion  is  eon- 
firmed  very  greatly  by  the  fact  that  the  mineral  in  thus  drying 
does  not  change  its  aspect  iu  the  least  degree,  and  rapidly  n»al>- 
sorbs  the  water  when  exposed  to  the  air.  On  the  other  hand, 
when  the  mineral  is  ignited,  it  swells  up  to  many  times  its  volume, 
like  other  membei-s  of  the  verraiculitc  family,  and  undergoes  what 
is  evidently  a  profound  alteration  in  its  molecular  structure. 
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It  18  evident  from  these  analyses  that  the  atomic  ratio  of  the  min- 
eral is  2  :  1  :  1  :  1,  and  its  formnla  may  therefore  be  written  : — 

By  referring  to  what  has  already  been  said  of  the  relation  of 
Jefferisitc  to  the  biotites,  it  will  be  seen  that,  while  that  mineral 
corresponds  to  a  less  common  variety  of  this  species,  the  Culsagee 
vermiciilite  corresponds  to  its  more  usual  type.  We  give  below, 
at  (1),  the  results  of  an  analvsis  of  Vesuvian  Biotite,  by  Chodnef ; 
and,  at  (2),  the  same,  assummg  that  a  portion  of  the  iron  is  in  the 
ferrous  condition,  as  is  well  known  to  be  the  case,  in  order  to  show 
that  values  within  the  probable  error  of  the  analysis  would  give 
the  ratio  2:1:1.  Here,  of  course,  the  alkali  takes  the  place  of  a 
portion  of  the  magnesia  of  the  vermiculite. 
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This  new  variety  of  vermiculite  is  so  well  marked,  and  the  com- 
position so  definite,  that  I  have  thought  best  to  designate  it  by  the 
name  Culsageeite.  As  regards  its  other  characters,  it  has  a  spe- 
cific gravity  of  2*225  (taken  in  alcohol),  and  about  the  hardness  of 
talc.  Before  the  blowpipe  the  exfoliated  mineral  fuses  readily  to 
a  white  enamel,  but  does  not  fuse  in  the  flame  of  a  Bunsen  lamp. 

To  this  variety  of  vermiculite  belongs,  as  I  have  already  inti- 
mated, the  original  mineral  from  Millbury,  analyzed  by  Crossley. 
There  can  be  no  question  as  to  the  general  accuracy  of  Crosslry's 
results ;  and,  assuming  that  all  the  iron  is  in  the  ferric  condition, 
they  give,  as  I  have  shown,  almost  precisely  the  atomic  rsitio  2:1: 
1:1.  The  only  question  that  can  arise  is  in  regard  to  the  condi- 
tion of  the  iron.  I  have  therefore  made  an  assay  of  the  iron  by 
the  accurate  method  I  formerly  described  in  this  Journal,  xliv,  347, 
1807.  One  hundred  parts  of  the  massive  mineral  gave  7*40  per 
cent  ferric  oxide,  and  3*86  per  cent  ferric  oxide,  which  corresponds 
to  a  total  of  1056  ferrous  oxide.  Crossley  found  10*02  ferrous 
oxid**,  but  he  separated  with  great  care  the  vermiculite  from  the 
steatite  with  which  it  is  mixed  ;.  and  this  steatite  was  probably  the 
source  of  the  greater  part  of  the  small  quantity  of  ferrous  oxide 
found  in  our  assay,  which,  though  not  made  with  pure  material, 
shows  conclusively  that  the  condition  of  the  iron  in  the  Millbury 
vermiculite  is  not  different  from  that  in  other  varieties  of  the  same 
family  of  minerals. 

IlaUite. — Several  years  since  this  variety  of  vermiculite  was 
sent  to  me  by  Mr.  John  Hall,  of  Philadelphia,  by  whom  it  was  orig- 
inally discovered.  The  examination  then  maae  showing  that  the 
mineral  was  a  new  variety,  if  not  a  new  species,  of  the  vermiculite 
family,  I  gave  to  it  the  name  of  Hallite,  in  recognition  of  the  min- 
eralogical  services  of  Mr.  Hall,  who  not  only  discovered  the  min- 
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eral,  bat  has  carefully  worked  the  locality  and  observed  tbe 
aRSociations  in  which  it  is  there  found.  A  preliminary  notice  of 
the  mineral  under  this  name  was  published  at  the  time  by  Profes- 
sor Leeds,  of  Hoboken ;  but  the  interesting  relations  which  the 
mineral  bears  to  the  subject  of  this  paper  have  made  a  fiirther 
examination  desirable. 

Hallite  occurs  in  large  rough  six-sided  prisms,  with  easy  micace- 
ous cleavage.  There  are  two  varieties,  differing  markedly  in  color, 
green  and  yellow ;  and  I  am  indebted  to  Mr.  Hall  for  the  following 
^cts  in  regard  to  the  locality  and  associations  of  this  spi^cies. 
Mr.  Hall  writes:  **The  mineral  is  found  at  East  Nottingham,  in 
the  serpentine  formation  of  southeastern  Pennsylvania,  three  miles 
south  of  Oxford,  in  Chester  County ;  and  I  know  of  no  other  local- 
ity. I  think  the  green  and  yellow  varieties  are  very  closely  related, 
and  may  possibly  pass  from  one  into  the  other ;  but  I  have  no  posi- 
tive proof  that  they  do.  The  crystals  are  found  in  nests  or  pock- 
ets, and  the  two  colors  are  not  found  in  the  same  nests.  The  green 
crystals  are  imbedded  in  a  steatite  earth  or  base  of  the  same  color 
as  the  crystals,  and  the  yellow  in  a  yellow  earth  ;  and  sometimes 
nests,  containing  the  opposite  varieties,  are  only  a  few  feet  apart 
in  seams  of  the  serpentine  rock." 

As  the  following  analyses  show,  the  two  varieties  have  essen- 
tially the  same  composition,  and  the  only  difference  that  could  be 
detected  was  in  the  degree  of  oxidation  of  the  iron.  The  yellow 
crystals  appeared  to  be  more  weathered  than  the  green,  and  on  the 
last  the  green  color  frequently  fades  out  toward  the  center  of  crys- 
tals, thus  giving  indications  of  a  metamorphosis  by  which  one 
variety  may  pass  into  the  other. 

Under  the  microscope  these  scales  of  the  mineral  show  a  remark- 
able appearance.  Between  the  greenish  or  nearly  colorless  plates 
are  seen  elongated  scales  of  a  yellow  mineral  resembling  closely  in 
color  thin  scales  of  Jcfferisite.  They  are  more  or  less  spear-shaped 
in  form,  although  usually  very  narrow,  and  lie  accurately  in  paral- 
lel lines,  which  cross  at  angles  of  60°  and  120®,  like  the  magnetic 
oxide  of  iron  in  the  muscovite  from  Pennsbury,  Pa.,  or  the  micro- 
scopir  crystals  in  the  Biotite  of  South  Burgess  of  Canada ;  and 
the  phenomenon  of  asterism,  seen  so  beautiful  with  the  plates  of 
the  last,  can  also  be  seen  with  thin  laminaa  of  Hallite.  It  was  im- 
possible to  free  the  mineral  from  this  admixture,  but  specimens 
were  selected  for  analysis  as  free  from  it  as  possible.  It  was  also 
impossible  to  determine  its  exact  nature.  The  scales  had  not  a 
definite  form,  but  there  was  a  tendency  to  a  rhombic  shape,  which 
is  well  described  by  the  term  "spear-shaped;"  and  though  the 
material  is  so  widely  distributed  through  the  crystal,  the  total 
mass  must  be  very  small. 

This  mineral  is  not  so  hygroscopic  as  Jcfferisite,  and  no  difficulty 
was  found  in  drying  the  material  for  analysis.  When  ignited,  it 
exfoliates  like  other  species  of  vermiculite,  but  not  nearly  to  so 
great  an  extent  as  Jenerisite.  After  ignition  it  is  decomposed  by 
hydrochloric  acid.    The  specific  gravity  of  the  green  variety,  mean 
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of  four  determinations,  2*898 ;  that  of  the  yellow  variety,  mean  of 
two  determinations,  2*402.  Before  the  blowpipe  fuses  with  diffi- 
culty to  a  brown  enamel.  The  following  analyses  were  made  by 
Mr.  C.  E.  Munroe,  Assistant  in  the  Laboratory  of  Harvard  Col- 
lege : — 

Greek  yabiett  of  Hallite. 
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9  .  UJJ^O. 

It  will  be  seen  from  the  above  analyses  that,  although  the 
atomic  ratio  between  all  the  basic  radicals  and  the  silicon  is  the 
same  as  in  Culsageeite,  Jefferisite,  and  Biotite,  the  ratio  between 
the  protoxide  and  sesquioxide  radicals  is  very  diffisrent.  In  this 
respect  the  mineral  resembles  the  phlogopite  micas,  in  which  also 
the  protoxide  radicals  preponderate ;  and  the  symbol  given  above 
for  Hallite,  less  the  water,  is  identical  what  that  given  by  Prof. 
D.-ma  as  the  more  probable  formula  of  the  phlogopites. 

The  opacity  produced  by  the  interspersed  material  made  it 
difficult  to  determine  the  optical  characters  of  the  mineral,  as  the 
rings  produced  with  polarized  lisjht  could  only  be  seen  with  very 
thin  plates,  and  the  cross  was  therefore  ill  defined;  so  that, 
although  in  some  cases  there  appeared  to  be  a  separation  of  the 
hyperbolas,  the  plates  could  not  be  distinguished  from  uniaxial. 
On  one  specimen  the  hexagonal  form  was  very  perfect,  and  the 
crysital  presented  the  planes  of  a  rhombohedron  having  an  angle 
over  the  basal  edge  of  aUout  122°,  resembling  the  crystals  of 
Biotite  from  Greenwood  Furnace.  J\lr.  Hall  informs  me  that  these 
more  perfect  crystals  have  only  been  found  in  one  pocket  of  the 
serpentine. 

The  distinction,  however,  between  the  phlogopites  and  the 
biotites    is    not   fundamental,   either  chemically  or  physically. 

♦  Trace  of  manganese. 


^Sr^  ieus:mne  JiEEthttea^ 


'iLi-k  ■•*'T— n  '.iK  <iiLi">ii  in>L  i:»t  ««iiil  rf'3ti  laMUS  aftOcLJft  ■«  I  :  L 
T'lK  *fj#-^u-;*  ii:5-r  Ji  riino-'siniiii  nuj  n.  "sut  r'*i.'U7ry^  pc»>fN>fftian 
ir'  '.ip  ««>:iujriiibi   lai;.  ir^'r.j^aiit  "u»i*ai>      £x  Tint  3CL[«w>fite  the 

::ar.*.  .i  .-  -..  •  •  iiroa.'.i7  iitmiifij  I  1:  luc  :c 'inat  pablishtrd 
liiiw^^f^  -  If*  '  uiif  •  li":!-:*  it-j-^-iO.  -fur  ttji:  in*!  ^na»  raSf>  S  :  2. 
r.i  -It-    u  rs^  -j^  •BUTUr  .nnt   >  irvoiiTM-r  ^uma^^j  1:1;  biit  ben?, 

Tir^ivz  *■••'■▼  ^e-a  3  ;  lait  1 :  i.  2i  Iks  mnoxuEr  sa^  >>pCKal  difr 
siru'^ii.ri  -f*f  v.i-*fi  "Tilt*  liui.-n  i3dii5>  uhl    )uii::«a.  •:-€  vbicfi  so  mach 

pir»^,  i'jLr  'lAZ  zntiL  J'-efersia  •_.:»i:itrr-  X.  T^  wiih.  ui  Angle  of 
Xf'^*'.*iz   ',i'\   laii  ':iii;   iz^tL^^^uii'T  irJAfriil   zlizei  o^   biodte  from 

^...TTT,  a  .•!**  iaiL  -jjt*  •hiou^  nii?*  ^LiSir;  xoi^i  I  kATe  en^ieavored 
in  '.'..A  p:ic«ir  "■■  *TT«'af3.  iitr  i'Xi:**i  -ic  tSJj  T:kH:idoa.  With  the 
V*s;-.r:.:-.  -.d.ri^et  "Ui«»=L**i.T rtf. — -r' li^  ^c-^iriziins*  in  ;he  minenilogi- 
ra  ^a'-l-tri:  -if  Hjjmr:  «  'Lrr^ri  i^^  fkx  nc^*nc<^atAtiTe$  of  the 
mizj^rx.  rVici  'ris  li>!:iZTr. — iz  i*  icly  •>.^tr4ai*:-<iAllT  tha;  we  find  a 
t^:!rfrr' :Z:T  -'-^\r-^'  Zf^jkZft.  Mort  -x-clzi-jqIt  tbrTe  Jj«  distinct  evi- 
d«e:r.'-*r*  'f  '.•yir.T.Ir.z.  Aoi  .:-c.  zhz  biriere  *?t  tbe  htrxagonal  plate 
ir.-a.T  ';«r  ii*.:..Trre»i  a  V^iikl  ^c^actcrv  •:<  which  the  optical  plane 
i*  v^'i.'.W.  lo  'ii^*fv^z,i  eigfe>  of  iLe  Lcxagv:»n  on  different  parts  of 

J*,  m  i.*t.  rifrw-rTrrr,  be  remeniWreti  that,  as  by  the  process  of 
t»\r;;.In:f  we  hivr:  'i#:«»:Ti>>ei  the  structure  of  the  mairnes«ian  niiciis 
apf»r«>^r:h'^  tha*  of  aniariAl  ervstalsw  rhombohedral  and  other 
pLi:,fnt  Tl.iinioreristio  of  ;he  hexag^onal  system  Ijegin  to  appear  on 
th»;  ^rrvsTal.  This  U  ilinsCrated  cot  onlv  by  the  ery>tai3  of  Biotite 
fro.'fj  Ve^ii/ia*  and  from  Green woo^i  F^oraaoe,  X.  V.,  but  also  by 
th*:  j;jore  jiert'ect  crystals  of  Ilallite  from  Chester  County,  Pa.  In 
othf-r  wor  Is,  f/i^  pTf^tna  of  t\tinniH»j  tc€  hare  iUust rated  in  this 
//0//^rr  produce*  h^j:a(fonal  cryitah  in  ejctemal  form  as  iceli  us  in 
/>////'/;///  'hnr^irjers ;  and  the  question  naturallv  arises,  Mav  not 
th'-  li<rxa;/orjal  crv^taU  of  other  minerals  be  formed  in  a  similar 
way  y  —that  is,  may  they  not  l)e  developed  from  twinned  mole- 
i'uh'h^  which,  though  in  their  aggregate  producing  an  hexagonal 
Hlni'-tur^r,  si:i;^ly  would  develop  into  biaxial  crystals?  Bearing 
on  fh'iH  jioint,  wo  have  discovere<l  some  very  remarkable  evidence. 

Wij  \invi'  in  our  possession  a  plate  of  Elba  tourmaline  cut  per- 
p'-ndiruli'ir  to  the  axis,  in  which  the  polarizing  microscope  shows 
on  did'Tcnt.  zones  a  separation  of  the  hyperbolas,  which  amounts 
in  Moini'  pr^silion.s  to  eight  degrees ;  and  in  moving  the  plate  across 
tlic  field  the  o]>tical  divergence  varies  precisely  as  on  plates  of 
f>lilog(»|»it<'  and  vcrmiculite.  There  is  certainly  no  external  eri- 
^\^']u•^'  of  lamination  on  tourmaline  crystals,  for  the  mineral  is 
rcnuirkalily  (tonipaot,  and  the  crystals  have  not  even  a  basal  cleav- 
age:  but  it  will  l)e  rcnienibcred  how  readily  some  of  the  varieties 
pasH  by  alteration  into  micas  of  the  magnesian  type;  and  this 
cininge  to  a  ibliuted  structure,  in  which  the  lamination  is  parallel 
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to  the  base  of  the  original  hexagonal  crystal,  may  be  facilitated 
by  a  grouping  of  the  molecules  of  the  tourmaline,  in  the  manner 
represented  by  fig.  6. 

We  have  also  a  plate  of  amethystine  quartz,  in  which  a  beam  of 
parallel  polarized  rays  of  light  exhibits  a  twinning  almost  as 
symmetrical  as  that  shown  in  fig.  4, — the  three  zones  being  most 
beautifully  mapped  out  by  the  alternating  bands  of  right  and  left- 
handed  quartz,  which  are  such  a  familiar  phenomenon  of  these 
crystals ;  but,  besides  this,  in  each  of  these  zones,  near  the  border 
of  the  plate,  can  be  distinguished  a  biaxial  structure  with  an  opti- 
cal divergence  of  several  degrees ;  and,  on  one  other  plate  of 
amethyst  we  have  had  an  opportunity  of  examining,  we  have  also 
seen  under  the  polarizing  microscope  the  biaxial  curves  at  one  or 
more  points. 

These  facts  most  distinctly  suggest  the  theory  that  the  optical 
phenomena  of  quartz  are  produced  by  a  molecular  structure  simi- 
lar to  that  by  which  we  have  obtained  identical  phenomena  in  our 
ai-tificial  plates  of  mica,  and  that  the  two  orders  of  crystals  are 
aggregates  of  compound  molecules,  whose  parts  are  twinned 
together  in  the  one  case  in  right-handed,  and  in  the  other  in  left- 
handed  spirals,  and,  lastly,  that  the  simple  molecule,  if  developed 
normally,  would  produce  a  biaxial  structure.*  This  theory  ift 
most  markedly  in  harmony  with  the  chemical  relations  of  silica. 
The  compound  Si02  is  the  only  one  of  the  tetrad  oxides  which 
crystallizes  in  the  hexagonal  system  ;  and  ever  since,  by  the  study 
of  the  organic  compounds  of  silicon,  the  quadrivalent  character  of 
the  element  has  been  made  evident,  this  fact  has  been  a  striking 
anomaly  in  our  chemical  classification.  Assume,  however,  that 
the  molecule  8i02  would  develop  normally  into  a  rhombic  struc- 
ture, and  that  the  hexagonal  form  of  quartz  is  solely  a  result  of 
molecular  twinning,  and  the  anomaly  disappears.  The  molecule 
^SVOg  mav  be  approximately  of  the  same  form  as  the  molecule 
TiO.^^  in  brookite;  but,  having  the  exact  dimensions  and  polar 
conditions  which  favor  the  mode  of  molecular  twinning,  described 
above  and  represented  by  fig.  6,  it  may  always  develop  into 
hexagonal  shapes. 

Are,  then,  all  hexagonal  forms  thus  closely  related  to  the  rhom- 
bic systems  of  crystals  ?  And  do  all  molecules  of  the  dimensions 
and  polar  conditions  illustrated  by  the  figures  of  this  article — that 
is,  those  which  correspond  to  the  rhomb  of  60°  and  120® — usually 
develop  into  hexagonal  forms?     May  not  the  whole  difference 

♦  Since  the  above  was  in  type,  we  have  received  Am.  Jour.  Sci.,  FV.,  February, 
1874,  containing  a  description  of  the  rhombic  silica  which  Prof.  Maskelyne,  of  the 
British  Museum,  has  discovered  in  the  meteorite  of  Breitenbach.  This  new 
species  of  silica,  which  Prof.  Maskelyne  calls  Asmanite,  has  the  form  of  a  right 
rhombic  prism,  with  an  angle  of  120"  20^,  and  the  crystals  are  optically  biaxial ; 
but  while  the  specific  gravity  of  quartz  is  2*6,  that  of  Asmanite  is  said  to  be 
2*245.  It  is  perhaps  to  be  expected  that  such  a  molecular  macling  as  we  have 
described  would  determine  an  increase  of  density,  since  thereby  three  molecules 
coalesce  to  form  one ;  or  it  is  possible  that  the  remarks  made  in  regard  to  calcite 
beyond  apply  also  to  quartz ;  but  still  the  marked  difference  remains  to  be  ex- 
plained. 
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between  an  hexagonal  and  a  rhombic  form  arise  from  a  slight 
difference  of  dimensions,  which  determines  a  molecular  macling  in 
the  one  case,  and  a  normal  development  of  the  single  molecules  in 
the  other  ?  These  questions  point  out  most  interesting  lines  of 
investigation,  and  will  recall  to  the  mineralogist  a  number  of  facts 
bearing  upon  the  subicct.  Allow  me  to  refer  to  two  of  the  most 
striking  and  most  obvious. 

On  the  crystals  of  the  chrysoberyl,  the  rhombic  angle  is  119° 
46' ;  and  every  mineralogist  is  familiar  with  the  hexagonal  macling, 
similar  to  fi^.  2,  which  is  very  characteristic  of  this  species.* 
Corundum  differs  chemically  from  chrysoberyl,  in  that  a  portion 
of  the  alumina  in  the  former  is  replaced  by  glueina  in  the  latter. 
Corundum  has  a  perfect  hexagonal  form,  and,  fundamentally,  may 
not  the  only  crystallographic  difference  be  that,  in  consequence  of 
the  replacement,  a  rhomb  of  120''  changes  to  a  rhomb  of  119**  46? 
Now  we  have  a  plate  of  macled  chrysoberyl,  showing  the  normal 
wide  divergence  of  the  optical  axes  at  certain  points  on  its  bo^ 
ders,  and  a  nearly  uniaxial  structure  at  the  center,  where  there  is 
an  obvious  interpcnetration  between  the  individuals  of  the  raacle, 
and  where  the  superposition  of  the  several  laminse  is  most  beauti- 
fully shown  by  a  polarized  beam  of  parallel  rays.  We  have  also 
a  section  of  the  corundum  crystal,  presenting  phenomena  similar  to 
those  seen  with  the  plate  of  tourmaline,  described  above.  Fu^ 
ther,  we  have  observed  like  phenomena  on  a  section  of  phenacite ; 
and,  although  the  last  mineral  contains  silica,  yet  if  the  molecules 
of  tii  O2  are  crystallographically  equivalent  to  those  of  AI2  O3,  it 
may  be  that  the  molecular  structure  both  of  phenacite  and  of 
beryl  is  more  closely  allied  to  that  of  chrysoberyl  and  corundum 
than  the  received  theory  of  their  chemical  constitution  would 
indicate. 

We  would  not  convey  the  impression  that  in  all  these  crystals 
the  appearances  we  have  described  are  strongly  marked,  or  that 
they  have  passed  wholly  unnoticed  hitherto.  Every  one  who  has 
become  familiar  w^itli  the  optical  properties  of  crystals  must  have 
noticed  that,  with  many  always  regarded  as  uniaxial,  there  is  not 
un frequently  in  some  positions  a  small  separation  of  the  cross  into 
the  hyperbolas,  which  are  characteristic  of  biaxial  structure.  But 
these  irregularities,  although  long  known,  have  never  been  satis- 
factorily explained.  They  have  been  hitherto  residual  features 
not  accounted  for  by  the  received  theory  of  crystalline  structure, 
which  explains  so  satisfiictorily  the  general  order  of  the  phenomena 
observed  with  the  polariscope.  We  have  endeavored  in  this  paper 
to  trace  their  true  siojniticance :  first,  by  showing  that  the  appear- 
ances we  are  discussinix  are  precisely  similar  to  the  effects  which 
can  be  obtained  by  known  means  with  mica  plates;  and,  secondly, 
by  oV)serving  on  different  specimens  of  various  minerals  every 
intermediate  stage  between  the  unmistakable  effects  of  twinning 
on  plates  of  mica  or  verraiculite,  and  the  delicate  phases  of  the 
phenomena,  seen  with  sections  of  crystals  of  tourmaline,  corundum, 
or  phenacite.     One  other  illustration  of  our  theory. 

*  See  also  Dana's  System  of  Min.,  6th  ed.,  figs.  154,  155,  p.  166. 
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The  rhombic  angle  of  witherite  (native  baric  carbonate)  is  118° 
30',  and  the  all  but  universal  hexagonal  macling  of  this  species  is  a 
well-known  fact.*  The  rhombic  angle  of  arasonite  (the  correspond- 
ing form  of  calcic  carbonate)  is  1 16°  10',  and  the  much  greater  diver- 
gence of  this  angle  from  120°  determines,  as  is  also  known,  a  style 
of  macling  which  is  usually  quite  different  from  that  of  witherite. 
In  the  isomeric  calcite,  however,  we  have  the  type  of  all  hexagonal 
forms.  Hitherto  the  crystalline  forms  of  calcite  and  aragonite 
have  been  regarded  as  being  as  widely  separated  as  possible,  and 
a  comparison  of  these  two  well-known  mineral  species  has  furnished 
one  oi  the  most  striking  instances  of  demorphism.  But  may  not, 
after  all,  the  comparatively  small  physical  differences  between 
these  two  minerals  correspond  to  a  crystallographic  difference  no 
greater,  fundamentally,  than  the  difference  between  the  rhomb  of 
1 16°  10'  and  the  rhomb  of  120*^? 

The  macles  of  chrysoberyl  and  witherite  are  illustrations  of  a 
general  truth,  fully  recognized  in  mineralogy,  that  all  rhombic 
crystals,  whose  angles  approach  120°,  tend  to  form  hexagonal 
macles.  The  optical  phenomena  described  in  this  paper  certainly 
suggest  the  theory  that  a  perfect  hexagonal  form  and  structure 
mav  be  the  result  of  a  more  fundamental  and  molecular  macling, 
which  results  when  the  angle  is  exactly  120°. 

IL   Geology  and  Natural  History. 

1.  Eozoon  Cann dense  ?iot  a  Foraminifer  or  Calcareous  Rhizopod 
secretion, — Mr.  H.  J.  Carter  concludes  a  paper  on  the  Eozoon 
Canadetise^  in  the  Annals  and  Magazine  of  Natural  History,  for 
March,  as  follows : 

Nothing  can  be  clearer  than  all  that  I  have  above  stated  of  for- 
aminiferous  structure,  as  seen  under  an  inch-focus  compound 
power,  in  my  infiltrated  specimens  of  Nummulites^  Orbitoides^ 
<fcc.,  from  the  Eocene  formation  of  western  India. 

But  in  vain  do  we  seek,  in  the  so-called  JEJozoon  Canadense,  for 
the  unvarying  perpendicular  tubuli,  sine  qud  non  of  foraminiferous 
structure.  In  vain  do  we  look  for  that  regularity  of  chamber- 
formation  which,  in  the  amorphous  growth  assigned  to  the  so-called 
Eozoon.  might  be  equally  well  assumed  to  be  identical  with  the 
heterogeneous  mass  of  chambers  on  each  side  of  the  central  plane 
of  Orbit  aides  dispansa,  accompanied  by  the  transverse  bars  of 
stoloniferous  structure  uniting  one  chamber  to  the  other.  In 
short,  in  vain  do  we  look  for  the  casts  of  true  foraminiferous 
chambers  at  all,  in  the  grains  of  serpentine;  they,  for  the  most 
part,  are  not  subglobular,  but  subprismatic. 

With  such  deficiencies,  I  am  at  a  loss  to  conceive  how  the  so- 
called  Eozoon  Canadense  can  be  identified  with  foraminiferous 
structure,  except  by  the  wildest  conjecture ;  and  then  such  identi- 
fication no  longer  becomes  of  any  scientific  value. 

Having  examined  the  slice  of  Laurentian  limestone  which  you 
have  so  courteously  submitted  to  me,  in  thick  and  thin  polished 

*  See  figures,  Dana's  System  of  Mln.,  p.  697. 
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sections,  mounted  in  Canada  balsam,  by  transmitted  and  also 
reflected  light,  also  the  surface  of  the  '^  decalcified*'  slice  as  it 
came  from  you,  in  all  directions,  with  one-quartei^  and  one-inch 
focus  compound  powers  respectively,  I  must  unhesitatingly  declare 
that  it  presents  no  foraminiferous  structure  anywhere.  Nor  does 
its  structure  bear  so  much  resemblance  to  that  of  a  foraminiferous 
test  as  the  legs  of  a  table  to  those  of  a  quadruped ;  while,  if  such 
be  the  grounds  on  which  geological  inferences  are  established, 
the  sooner  they  are  abandoned  the  better  for  geology,  the  worse 
for  sensationalism ! 

The  contents  of  this  letter  are  open  to  no  controversy.  My 
knowledge  of  foraminiferous  structure  has  been  obtained  step  by 
step,  beginning  with  the  recent  and  then  going  to  the  fossiuzed 
forms,  making  and  mounting  my  own  sections,  from  which  after- 
ward  my  illustrations  and  descriptions  have  been  taken.  If  others 
who  have  pursued  a  similar  course  of  instruction  differ  from  me  in 
what  I  have  above  stated,  the  question  can  only  be  decided  by  a 
third  party,  not  on  verbal  arguments  alone,  but  on  a  comparison 
of  the  actual  specimens,  as  prolonged  disputation,  in  matters  of 
opinion,  soon  disgusts  everybody  but  the  combatants,  and  can  end 
in  nothing  but  a  fearful  waste  of  time  that  might  be  better 
em[)loyed. 

2.  Jvote  on  the  Geology  of  Costa  Rica,  (From  a  letter  to  the 
editors,  dated  Limon,  Costa  Rica,  Feb.  7th,  1874.) — Nearly  all  of 
the  year  1 873,  I  have  been  in  the  mountains  of  southeast  Costa 
Rica,  with  a  corps  of  assistants.  In  that  time,  besides  good  sized 
collections,  half  a  dozen  large  vocabularies  and  the  lirst  topo- 
graphical map  ever  made  of  the  region,  I  have  some  interesting 
notes  on  the  geology.  I  expect  shortly  to  commence  the  ascent  of 
the  volcanoes,  and,  before  you  receive  this,  may  have  the  pleasure 
of  standing,  the  first  white  man,  on  the  top  of  Pico  Blanco,  and 
with  a  Green's  barometer. 

An  unexpected  result,  suspected  this  half-year  past,  has  just 
received  proofs,  in  a  trip  that  I  made  along  the  canon  of  the 
Reventazon  River.  The  sedimentary  rocks  of  the  Atlantic  slope 
of  Costa  Rica,  usually  highly  metamorphosed,  and  all  of  the  same 
geological  ajj^e,  are  certainly  Tertiary.  By  means  of  fossils  col- 
lected at  various  points,  over  a  distance  of  more  than  100  miles, 
I  am  convinced  not  only  that  they  are  Tertiary,  but  that  they  are 
later  than  the  Eocene.  This  was  so  unlike  my  preconceived  idea 
that  I  was  extremely  reluctant  to  admit  the  fact,  while  I  found 
species  of  molluscs,  identical  with  some  found  by  Dr.  Maach  on 
the  isthmus,  and  by  myself  in  the  late  Miocene  of  Sto.  Domingo. 
Besides  this  specific  identity,  the  facies  of  all  the  species  is  exceed- 
ingly modern,  and  I  shall  not  be  surprised  if  comparison  should 
prove  some  of  them  to  be  still  living. 

From  the  well  known  existence  of  the  Cretaceous  in  the  West 
Indies  and  Columbia,  and  from  the  asserted  finding,  by  Dollfuss 
and  Montserrat,  of  Jurassic  in  the  States  farther  north,  I  suspected 
that  these  rocks  were  secondary,  more  especially  since  they  are 
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auriferons,  in  the  same  manner  and  under  the  same  cironmstances 
as  the  Cretaceous  of  Sto.  Domingo.  Wherever  dykes  cut  up  the 
metamorphic  shale  and  sandstones,  auriferous  quartz  veins  occur ; 
and  placer  deposits  exist  in  most  of  the  streams  that  run  from  the 
margins  of  the  volcanic  belt. 

3,  More  human  skeletons  from  the  Caves  of  Mentone. — ^M. 
Rivi^BB  read  a  paper,  on  the  23rd  of  February,  before  the  Acad- 
emy of  Sciences  of  Paris,  on  three  new  skeletons  from  the  caves  of 
Mentone.  In  it  he  states  that  the  chipped  flints  disappear  below 
and  become  replaced  by  implements  of  sandstone  and  limestone. 

4.  Mines  and  Mining  in  the  States  and  Territories  West  of  the 
Rocky  Mountains:  being  the  FWh  Annuel  Report  {for  1872)  of 
RossiTEB  W.  Raymond,  U.  S.  Commissioner  of  Mining  Statistics. 
560  pp.  8vo,  with  many  plates.  Washington,  1873.  (Government 
Printing  Office.) — ^The  present  volume  contains  several  papers  of 
permanent  value  and  much  interest ;  for  example,  that  on  the  treat- 
ment of  gold-bearing  ores  in  California,  by  Mr.  G.  P.  Deetken,  of 
Grass  Valley.  This  paper  presents  not  only  the  mechanical  details 
of  the  Grass  Valley  system  of  crushing  and  amalgamation,  but 
foil  details  of  the  chlorination  process  of  Plattner,  so  ably  con- 
ducted and  modified  by  Mr.  Deetken,  now  for  many  years  at  Grass 
Valley.  The  contributions  to  the  records  of  lead  smelting  in  blast 
furnaces,  by  Mr.  A.  Ellers,  compares  the  experience  of  the  far 
western  United  States  with  the  best  European  experience,  while 
Mr.  Ellsworth  Daggett,  in  another  paper,  gives  the  economical 
results  of  smelting  in  Utah,  to  which  Mr.  Daggett's  own  contribu- 
tions are  quite  important.  Mr.  Amos  Bowman's  chapter  on  '*  The 
Pliocene  Rivers  of  California  "  presents  the  restdts  of  an  extended 
series  of  observations  made  for  the  geological  survey  of  the  State, 
while  Mr.  Charles  Waldeyer  presents  a  paper  on  "Hydraulic 
Mining  in  California,"  illustrated  by  the  remarkable  experiences 
at  the  famous  Spring  Valley  Company's  works  at  Cherokee,  Butte 
County,  California,  which  is  the  most  systematic  and  thorough 
discussion  of  this  curious  subject  which  has  yet  appeared.  Chap- 
ters on  ore-dressing  and  mining-machinery,  with  miscellaneous 
statistics,  conclude  the  volume.  "  The  General  Geological  Map  of 
the  United  States,"  by  Messrs.  Hitchcock  and  Blake,  which  accom- 
panies this  Report,  we  have  already  noticed  in  this  .Tournal.      s. 

6,  Mineralogy  and  Chemistry:  Original  Researches  :  by  Prof 
J.  Lawrence  Smith,  of  Louisville,  Ky.  401  pp.  8vo.  Louisville, 
1873.  (John  P.  Morton  &  Co.) — In  this  well  printed  volume, 
Dr.  Smith  has  thrown  together  about  fifty  of  his  original  contri- 
butions, chiefly  to  mineralogy  and  chenustry,  which  have  ap- 
peared during  the  past  thirty  years.  A  large  proportion  of  them 
have  been  published  in  the  pages  of  this  Journal,  and  the  reader 
will  be  pleased  as  he  turns  the  pages  to  recognize  many  old 
acquaintances  in  this  new  dresp.  I^  ew  American  investigators  in 
these  departments  have  done  more  good  work  than  Dr.  Smith. 
His  memoir  on  Emery  (1850);  re-examination  of  American 
Minerals  (1853);   Thermal  waters  of  Asia  Minor  (1849),  and  his 

Am.  Jour.  Sol— Thibd  Bkbies,  Vol.  VII,  No.  40.— April,  1874, 

21 


440  Skientifie  Intelligence, 

varions  meteoric  memoirs,  especially  his  "  Memoir  on  Meteorites  " 
(1866),  are  among  the  more  elaborate  of  his  valuable  contribu- 
tions. His  two  papers  on  the  "  Determination  of  Alkalies  in  Min- 
erals," 1863  and  1872,  are  very  important  contributions  to  analyti- 
cal chemistry,  which  have  become  incorporated  into  the  perma- 
nent literature  of  the  science.  If  full  reference  to  the  journals  in 
which  the  several  papers  originally  appeared  had  been  given,  it 
would  have  added  to  the  value  and  convenience  of  the  volume, 
which  also  lacks  an  index.  s. 

0.  Farthenogenesis  in  i^ferrw.— An  interesting  paper  by  Dr.  \Vm. 
6.  Fablow,  late  Assistant  in  the  botanical  department  at  Ilarvard 
University,  and  at  the  time  a  student  in  the  laboratory  of  Professor 
De  Bary  of  Strasburg,  entitled  An  cLsexucU  growth  from  the  l^o- 
thcUlus  of  Pterie  serrulata^  was  read  in  January  last  at  a  meetiDg 
of  the  American  Academy  of  Arts  and  Sciences,  and  is  just  printed 
in  its  Proceedings.  A  fern,  as  is  well  known,  comes  to  fructifica- 
tion and  produces  spores  without  anv  fertilization.  The  spores 
in  germinating  produce  a  Liverwort-like  structure,  the  prothallas, 
on  which  the  two  kinds  of  sexual  organs  are  developed ;  the  fer- 
tilization of  a  cell  in  the  one  by  a  spermatozoid  from  the  other 
results  in  the  development  and  growth  of  the  former  into  a  bud 
and  so  into  a  fern-plant.  Now  Dr.  Farlow  has  discovered  in  a 
sowing  of  the  spores  of  the  common  PterU  serrulata^  prothalli 
which  were  developing  fem-plantlets  from  their  substance  quite 
apart  from  any  archegonium,  starting  in  a  different  way  by  a 
direct  outgrowth  from  the  prothallus,  beginning  with  a  scalariform 
duct,  but  producing  plantlets  thus  far  undistinguishable  from 
thoHe  which  arise  from  an  archegonium  through  fertilization.  The 
paper  is  illustrated  by  figures  which  show  the  earlier  stages,  and 
the  difference  between  this  asexual  outgrowth  and  the  ordinary 
development. 

Dr.  Farlow,  confining  himself  strictly  to  the  facts  of  the  case 
and  their  direct  interpretation,  does  not  use  the  word  parthtuo- 
genesis.  But  the  case  seems  to  be  substantially  analogous  to  that 
of  parthenogenesis  in  Phflenogaraous  plants,  the  few  cases  of  which 
that  have  been  probably,  if  not  unequivocally,  made  out,  are  much 
fortified  by  the  present  discovery.  If  it  be  demurred  that  the 
case  is  one  of  bud-growth,  and  therefore  not  of  the  nature  of  par- 
thenogenesis proper ;  the  reply  is,  that  it  comes  from  a  partheno- 
genic  spore,  which  here  developsplants  without  the  sexual  fertili- 
zation of  that  class  of  plants.  Tnc  conclusion,  if  the  fact«  hold 
good,  is  that  sexual  fertilization,  however  necessary,  is  not  abso- 
lutely necessary  in  every  generation  of  plants,  somew^hat  as  cross- 
fertilization,  however  necessary  in  the  long  run,  is  genenilly 
unnecessary  in  every  generation,  only  the  rule  in  the  former  is 
far  more  strict.  a.  g. 

7.  Sarracenias  as  Fly- Catchers, — It  has  not  rarely  hap}>ene<l 
that  after  some  curious  discovery  has  been  made,  and  perhaps 
perfected  by  a  series  of  observers,  it  then  comes  to  be  seen  that 
the  discovery  has  been  long  before  made,  recorded,  and  forgottea 
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Drosera  is  a  ease  in  point,  although  the  sensitiyeness  of  the  leaf 
in  responding  to  organic  rather  than  to  inorganic  matter — to  such 
matters  as  it  can  feed  on — was  wholly  unknown  to  Roth,  and  was 
left  for  Darwin  to  demonstrate.  As  to  Sarracenia^  referring  to 
our  notes,  last  year,  on  p.  149  and  p.  467  of  the  sixth  volume  of 
the  present  series,  we  add  that  the  source  of  the  statement  in  the 
English  edition  of  Le  Maout  and  Decaisne's  Treatise  is  at  length 
apparent,  and  may  be  traced  back  to  its  origin.  The  last  volume 
of  De  Candolle's  Prodromus  contains  the  omitted  order  Sarra- 
eeniaceop..  To  the  character  the  careful  editor  added  a  reference 
thus, — "  De  causis  quibus  insecta  in  ascidiis  cadunt  [confer]  ad 
Mac  bride  in  Trans.  Linn,  Soc  12,  p.  48  (galL  in  Rev.  Uort.,  1852, 
p.  123,  et  Robinson,  1.  c)."  This  sends  us  to  a  long-overlooked 
paper,  in  the  12th  volume  of  the  Transactions  of  the  Linnean 
Society,  1818,  entitled.  On  the  power  of  Sarracenia  adunca  to 
eft  trap  I?isect8,  in  a  letter  to  ^ir  James  M  Smith,  I^es.  Linn.  JSoc, 
from  James  Ma^^bride,  M,  J).,  of  South  Carolina  /  read  Dec.  19, 
1815.  It  appears  that  this  paper,  written  nearly  sixty  years  ago, 
was  noted  and  referred  to  by  Decaisne  in  the  first  volume  of  the 
Revue  Horticole,  more  than  twenty  years  ago ;  that  Mr.  Robin- 
son, proba>»ly  the  editor  of  The  Garden,  has  more  recently  referred 
to  this,  and  that  Dr.  Hooker  last  year  noted  either  the  one  or  the 
other.  De  Candolle's  reference  "  Robinson,  L  c,"  however,  re- 
mains a  puzzle,  as  there  is  no  antecedent  citation  of  his  name, 
none  under  Sarracenia,  and  the  one  under  Darlingtonia,  upon 
verification  by  reference  to  the  Garedner's  Chronicle,  throws  no 
light  on  the  matter  in  hand. 

Dr.  Macbride  was  a  collaborator  with  Elliott  upon  the  Botany  of 
South  Carolina  and  Georgia,  and  from  all  we  know,  must  have 
been  a  first-lass  observer.  He  died  at  the  early  age  of  thirty- 
three,  between  the  years  1821  and  1823,  that  is,  between  the  pub- 
lication of  the  first  volume  and  the  printing  of  the  first  sheet  of 
the  second  volume  of  Elliott's  Sketch.  To  his  memory  Elliott 
dedicated  the  distinct  and  pretty  Labiate  plant,  Ma^cbridea pulchra, 
and  in  the  preface  pays  a  beautiful  tribute  to  him  and  to  Dr. 
Baldwin,  as  the  two  individuals  who  took  most  interest  in  his 
work,  who  would  have  been  throughout,  as  they  were  at  first,  the 
most  important  contributors  to  its  value,  but  who  "  scarcely  lived 
to  see  the  commencement  of  its  publication."  On  p.  12  of  the 
second  volume  Elliott  refers  to  this  paper  of  his  deceased  friend, 
and  gives  an  abstract  of  its  main  points.  This  reference  to  so 
curious  a  fact,  although  occurring  in  a  book  very  familiar  to 
botanists,  seems  to  have  been  as  completely  overlooked  as  was  the 
original  paper;  doubtless,  because  botanists,  until  lately,  saw  in  it 
only  a  matter  of  idle  curiosity,  and  thought  it  a  matter  of  no  con- 
sequence whatever  whether  Sarracenia  and  Drosera  caught  flies 
or  not.  Even  Dioncpa  excited  little  more  than  unreflecting  won- 
der, as  an  unique  anomaly, — as  if  any  member  of  the  organic 
world  stood  alone. 
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Sarracenia  adunca  is  a  synonym  of  S.  varidarie.  It  seems  to 
be  the  most  active  fly-catcher  of  the  genus,  and  to  offer  as  a  lure 
the  greater  amount  of  the  sweet  secretion.  Dr.  Macbride  inti- 
mates that  the  open  mouth  and  upraised  lid  of  8.flava  msLj  favor 
the  escape  of  the  attracted  insects  after  sipping  their  filL  Bat 
more  likely  the  greater  success  of  the  former  is  due  rather  to  the 
greater  abundance  of  the  sweet  secretion. — almost  certainly  so  if 
this  stupifies  the  flies,  as  Mr.  Grady  asserts ;  and  to  this  point 
should  now  be  directed  the  careful  observation  of  those  who  nave 
Sarraccfna  variolaris  within  their  reach.  The  Director  of  the 
Botanic  Garden  of  Harvard  University,  Cambridge,  would  be  glad 
to  receive  a  stock  of  living  roots  of  this  species.  a.  o. 

8.  Hooker*e  Flora  of  Sritish  India^  published  by  L,  Reeve  A 
Co.,  under  the  authority  of  the  Secretary  of  State  for  India,  in 
Council. — ^The  second  part,  just  issued,  carries  on  the  Polypetalous 
Orders  from  Prankeniaceos  to  near  the  close  of  OeraniacaSy  from 

.  209  to  p.  464,  which  ends  with  the  74th  (out  of  122)  species  of 
mpatiens.  Dr.  Hooker  has  himself  re-elaborated  this  genus ;  the 
rest  of  the  order,  as  well  as  the  CaryophyUacecRy  etc,  was  unde^ 
taken  by  Mr.  Edgeworth  ;  Dr.  Masters  is  responsible  for  the  Mai- 
vaceous  orders;  Mr.  Dyer  for  the  TemstrcemiacecBy  Dipierocarpea^ 
etc. ;  and  the  late  Dr.  T.  Anderson  worked  out  the  GuUiferce  jost 
before  his  lamented  death.  In  this  flora,  unlike  the  other  and 
very  similar  British  colonial  ones,  the  characters  of  vegetation  are 
put  foremost,  both  of  genera  and  orders,  which  seems  to  us  most 
natural  and  convenient.  a.  g. 

9.  Pachystigma  Canbyi  Gray. — This  Alleghanian  analogue  of 
the  species  common  from  the  Rocky  Mountains  to  the  coast  of 
Oregon,  before  the  only  representative  of  the  genus,  was  published 
only  last  autumn  in  the  Proceedings  of  the  American  Academy  of 
Arts  and  Sciences,  although  Mr.  Canby  discovered  it  a  dozen 
years  ago.  Being  an  interesting  accession  to  the  Botany  of  the 
Northern  Atlantic  United  States,  it  is  well  to  note  that  a  second 
station  has  already  been  discovered,  by  Howard  Shriver,  Esq.,  of 
Wytheville,  Virginia.  He  finds  it  in  tne  vicinity  of  that  town,  on 
the  banks  of  Reed  Creek,  etc.,  growing  at  one  place  in  company 
with  Carex  Fraaeriana.  a.  g. 

10.  Woodaia  livensis,  why  so  named? — ^In  a  foot-note  in  Bull 
Soc.  Bot.  France,  19,  p.  138,  Dr.  Fournier  raises  the  question 
often  asked  before,  how  this  specific  name  Ilvensis  came  to  be 
given  to  a  fern  not  known  to  grow  upon  the  island  of  Elba.  The 
Abb6  Chaboiseau,  in  the  next  volume  of  the  Bulletin,  p.  70,  gives 
the  result  of  his  investigation  into  the  origin  of  the  name.  It 
appears,  in  short,  that  the  name  originated  with  Dalechamp  as 
Jbonchitie  aspera  Ilvensis  ;  this  was  cited  by  Linnaeus  in  his  Flora 
JSuecica  as  a  synonym  of  his  Polypodium  fronde  dupUccUo^in- 
nata  ;  to  this  in  the  Species  Plantarum  he  gives  the  name  of 
Acrostichum  Ilvense,  omitting,  however,  to  cite  the  synonym  of 
Dalechamp,  and  also  the  habitat  which  gave  the  name.  M".  Cha- 
boisseau  thinks  it  probable  that  Dalecbamp's  figure  represents  a 
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Wbodsiay  and  if  so,  the  species  that  Linnseas  took  it  for.  Also 
that,  as  it  is  said  on  good  authority  to  grow  in  the  Crimea,  it  may 
really  belong  also  to  the  mountains  of  Elba.  a.  g. 

11.  2%«  Niew  Views  respecting  the  nature  of  Lichen es  and  their 
Oonidvt, — The  recent  bibliography  upon  this  interesting  subject 
is  carefally  analyzed  in  the  Hevtte  Bibliographique  of  the  BulL 
Soc.  Bot.  de  France,  fasc.  1  of  the  20th  volume,  down  to  March, 
1873 — a  year  ago ;  from  which  one  gets  a  good  view  of  the  state 
of  the  question  at  that  date.  M.  Bomers  paper,  of  which  we 
gave  some  account  in  our  last  volume,  is  one  of  the  latest  there 
noticed.  a.  g. 

12.  ViUarSy  author  of  the  History  of  the  Plants  of  Dauphiny, 
as  now  appears  from  a  biography  oy  M.  Albert,  noticed  in  the 
Revue  above  cited,  really  bore  the  name  of  Villar,  As  his 
botanical  works  were  published  in  his  own  life-time,  and  all  under 
the  name  of  VUlarSy  it  is  to  be  hoped  that  no  one  will  endeavor 
to  reform  the  orthography  of  the  genus  ViUarsia,  a.  g. 

13.  Eryngium ;  species  with  parallel-veined  leaves, — Prof.  De- 
caisnb  made  a  communication  to  the  Botanical  Society  of  France 
u]>on  this  subject,  at  the  meeting  on  the  last  day  of  January,  1873, 
which  is  published  in  the  Bulletin,  20,  pp.  19-27.  These  species 
are  all  American,  as  is  the  larger  part  of  the  genus;  and  M. 
Decaisne  thinks  it  a  remarkable  case,  not  to  say  inexplicable  upon 
the  now  current  mode  of  explaining  such  things,  that  the  peculiar 
modification  should  co-exist  with  the  ordinary  forms,  ana  over  a 
wide  range.  Indeed,  the  two  dozen  species  with  "  monocotyledon- 
ous  foliage  "  are  scattered  along  the  length  of  the  continent,  from 
the  Great  Lakes  at  the  north  to  the  borders  of  Patagonia.  That 
this  lower  form,  as  indicated  by  the  monocotyledonous  foliage, 
should  be  confined  to  the  New  World,  while  those  with  well- 
developed  or  compound  leaves  are  conmion  to  the  Old  World 
also  in  the  northern  hemisphere,  seems  to  M.  Decaisne  incongruous 
with  the  reigning  ideas  of  the  descent  of  species  and  the  earlier 
appearance  of  the  simpler  or  lower  types.  He  appears  to  argue 
that,  if  the  Mryngia  are  all  descendants  of  a  primitive  stock  which 
had  gained  a  dispersion  round  the  world  at  the  north,  before  this 
was  *'*'  violenment  disloqu^e  par  le  cataclysme  qui  a  s6par6  le  globe 
en  deux  continents^'  Fwhicn  is  highly  "antiquated  geology],  then 
the  Old  World  should  nave  had  a  share  of  the  "  monocotyledonous- 
leaved "  species  which,  ex  hypothesis  should  have  been  the  more 
ancient,  whereas  their  less  wide  diffusion  indicates  that  they  are 
more  modern. 

Now,  in  the  first  place,  these  species  may  have  been  in  Europe 
also  in  the  earlier  days,  along  with  many  other  American  types 
which  then  abounded  but  have  since  disappeared.  And  in  the 
second  place,  this  peculiarity  of  foliage  may  be  merely  an  adap- 
tive character,  parallel  to  that  of  the  phyllodineous  Acacias  of 
Australia.  That  such  leaves  in  Eryngium  are  petiolar  (and  not 
laminal)  in  nature  is  fairly  made  out  by  a  comparative  study  of 
our  species.  And  if  the  typical  species,  a.  aquaticum  of  Linnaeus, 
lived  in  the  medium  impned  by  the  name,  this  kind  of  foliage 
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would  represent  one  of  the  commonest  adaptations  to  aqnatic  life. 
It  actually  grows,  however,  on  drier  ground  than  any  other  of 
our  species,  rendering  the  name  so  nearly  a  misnomer  taat  I  hare 
proposed  (considering  also  that  Linnseus  mixed  two  or  three 
species  under  £!,  aquaticum)  to  drop  that  name  in  favor  of  the 
later  but  most  appropriate  name  of  JS  yitcccfifolium  Michx. 

Something  like  this  is  probably  true  of  the  Mexican  and  South 
American  species  of  this  group.  Even  if  not  themselves  aquatic, 
they  are  very  probably  descendants  of  Eryngia  which  were  so, 
and  so  inherit  an  adaptive  character  which  has  in  its  turn  been 
adapted  to  terrestrial  conditions. 

From  the  catalogue  which  Prof  Decaisne  gives  of  the  species 
represented  in  the  herbarium  at  the  Jardin  des  Plantes,  it  is 
noticeable  that  several  of  our  United  States  species  are  wanting, 
especially  the  species  of  Oregon  and  California,  and  jE  Hfive/ieiii 
and  £J.  prceaUum  Gray,  of  the  south ;  of  which  spocimeiis  j:re 
desired  in  order  that  these  desiderata  at  Paris  may  be  supplied. 

A.  G. 

14.  On  the  Origin  and  Metamorphoses  of  Insects ;  by  John 
Lubbock.  Nature  Series.  (Macmillan  <fe  Co.)— This  littlebook  is 
full  of  interesting  information  relating  not  only  to  insects,  but  to 
various  other  animals.  The  facts  are  presented  in  a  clear  and  at- 
tractive style  and  are  discussed  with  great  candor,  in  reference  to 
their  bearings  on  the  theories  of  evolution.  The  illustrations  are 
numerous  and  well  executed.  v. 

15.  3fan  and  Apes:  an  esiposition  of  structural  resembUiuces 
and  differences  bearing  upon  q^iestions  of  affinity  (nid  origin;  by 
St.  George  Mivart.  8vo,  with  numerous  illustrations.  New 
York.  (D.  Appleton  and  Co.) — The  facts  briefly  and  clearly  ex- 
pressed in  this  work  have  important  bearings  upon  the  general  sub- 
ject of  evolution,  as  well  as  upon  the  origin  of  man.  The  general 
scope  of  the  work  is  sufficiently  indicated  by  the  table  of  contents: 
Part  I,  External  form,  habits,  geographical  distribution  and  classi- 
fication ;  II,  External  skeleton  and  internal  skeleton ;  III,  Nerv- 
ous system,  visceral  anatomy,  summary  of  characters  and  ques- 
tions of  affinity  and  origin.  v. 

10.  The  (Jomparativ>e  Anatomy  of  the  Domesticated  Animals; 
by  A.  Chanean,  translated  and  edited  by  George  Fleming.  957 
pages,  large  8vo,  450  illustrations.  New  York.  (D.  Appleton  & 
Co.) — This  is  a  valuable  and  comprehensive  treatise,  and  is  un- 
doubtedly the  best  manual  relating  to  this  subject,  in  the  English 
language.  v. 

17.  Tfie  Structure  of  Animal  Life,  Six  Lectures  delivered  at 
the  Brooklyn  Academy  of  Music,  in  January  aiid February,  1802  ; 
by  Loi  IS  Agassiz.  Third  edition.  New  York,  1 874.  (Seribner, 
Armstrong  &  Co.) — This  is  essentially  a  mere  reprint  of  the  tirst 
edition.  The  typography,  otherwise  good,  is  marred  by  the  use  of 
the  same  rude  and  often  incorrect  wood-outs,  apparently  copies  of 
hasty  black-board  sketches,  that  appeared  in  the  first  edition. 
Many  of  these  are  no  better  than  caricatures  of  nature,  for  which 
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wc  tihoald  be  sorry  to  believe  that  the  distinguished  lecturer  was 
responsible.  v. 

18.  Our  Common  Insects,  A  popular  account  of  the  Insects  of 
our  fields^  forests^  gardens  and  houses;  by  Dr.  A.  S.  Packaud,  Jr. 
1 2mo,  with  numerous  illustrations.  (Naturalists'  Agency,  Salem, 
Mass.) — Although  this  is,  as  stated  in  the  preface,  mainly  a  reprint 
of  various  essays  that  have  appeared  in  the  American  Naturalist, 
and  elsewhere,  it  forms  an  attractive  little  volume,  which  will 
prove  useful  and  interesting  to  those  who  are  beginning  the  study 
of  entomology,  as  well  as  to  many  who  are  interested  in  the  sub- 
ject from  an  agricultural  or  horticultural  point  of  view.  v. 

1 9.  Ophiuridce  and  Astrop/tytidcB^  new  and  old:  bv  Theodore 
Lyman  (Bulletin  of  the  Museum  of  Comparative  Zoology,  vol.  iii, 
No.  10).  8vo,  with  7  plates.  Cambridge,  Mass.,  Feb.,  1874. — This 
contains :  1st,  ciitical  observations  on  various  species  of  Ophiurans, 
either  contained  in  the  museum,  or  studied  by  Mr.  Lyman  in  the 
various  European  collections,  together  with  desciiptious  of  several 
new  species ;  2d,  a  catalogue  of  the  Ophiurans  belonging  to  the 
museum,  collected  by  Prof  C.  Semper  in  the  East  Indies ;  3d,  a 
discussion  of  the  homologies  of  the  chewing  apparatus  in  Ophi- 
urans. In  the  first  part,  the  species  of  Pectinura^  and  the  Euro- 
pean species  of  Ophiothrix  are  well  discussed,  and  species  belonging 
to  the  genera  Ophiopeza^  Ophiarthrum^  Ophiomastix^  Ophiopla- 
cuSj  Amphiuray  Ophion^/uhys,  Ophiocnida^  Ophtopsammium 
(nov.),  and  Astrophyton^  are  either  discussed,  or  described.  The 
plates  have  been  copied  from  the  original  drawings,  by  two  of  the 
photographic  processes,  and  have  many  excellent  features.  Two 
are  by  the  Heliotype  process,  and  five  are  Alberttypes.  v. 

20.  Transactions  of  the  Connecticut  Academy  of  Arts  and 
Sciences,  Vol.  ii,  part  2,  New  Haven,  December,  1878. — ^This  con- 
tains the  following  papers:  On  the  direction  and  force  of  the  wind, 
with  the  fall  of  ram  and  snow,  at  Wallingford,  Conn.,  by  B.  F. 
Harrison,  M.D.,  and  Francis  E.  Loomis,  Ph.D. ;  Design  for  a 
bridge  across  East  River,  New  York,  by  Wm.  P.  Trowbridge ;  On 
the  mean  direction  and  force  of  the  wind  at  New  Haven,  by  Fran- 
cis E.  Loomis ;  Notes  on  the  Geology  of  Yesso,  Japan,  by  W.  P. 
Blake;  Comparison  of  the  muscles  of  the  chelonian  and  human 
shoulder-girdles,  by  H.  S.  Williams,  Ph.D.;  Graphical  methods 
in  the  therniodynamics  of  fluids,  by  Prof  J.  W.  Gibbs;  List  of 
marine  algae  collected  near  Eastport,  Maine,  by  Profl  D.  C.  Eaton ; 
The  early  stages  of  the  American  lobster,  by  S.  L  Smith ;  A  method 
of  geometrical  representation  of  the  thermodynamic  properties  of 
substances  by  means  of  surfaces,  by  J.  W.  Gibbs.  v. 

21.  New  genus  Euchondria  Meek. — Mr.  Meek  states,  in  a  let- 
ter to  one  of  the  editors,  that  he  proposes  to  institute  the  genus 
Euchondria  for  Pecten  neglectus  of  Geinitz,  on  account  of  its  pe- 
culiar hinge  as  illustrated  by  figure  7c,  plate  xxvi,  in  volume  v,  of 
the  Illinois  Geological  Report. 
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ni.    ASTRONOMT. 

1.  Astronomical  and  Meteorological  ObservcUions  made  during 
the  year  \%*J\y  at  the  U,  S,  N.  Observatory ^  Rear- Admiral  SAin)s, 
Superintendent.  Washington:  Government  Printing  Office,  1873. 
— This  thick  volume,  of  over  a  thousand  quarto  pages,  by  its  size 
shows  activity  at  the  observatory,  and  the  close  print  of  the  pages 
proves  that  the  size  is  not  obtained  by  diluting  materiaL  The  ob- 
servations of  the  year,  and  the  introduction,  occupy  about  350 
pages. 

The  first  appendix  (170  pp.)  contains  the  zones  observed  with 
the  meridian  circle  in  1847-8-9.  It  is  intended  to  re-observe 
some  of  the  stars  of  these  zones,  to  aid  in  forming  from  them  a 
catalogue  of  southern  stars. 

The  second  appendix  (144  p])«)  contains  observations  made  with 
the  mural  circle  and  transit  instrument  by  Pro£  Yamall,  from 
1853  to  1860. 

The  third  appendix  (294  pp.),  by  Pro!  Yamall,  is  a  catalogue 
of  10,658  stars,  observed  at  the  Washington  Observatory  from 
1845  to  1871,  and  constitutes  one  of  the  most  valuable  publica- 
tions that  have  issued  from  the  institution. 

The  fourth  appendix  is  a  history  of  the  founding  and  progress 
of  the  U.  S.  N.  Observatory,  by  Pro£  Nourse. 

2.  New  Comet, — ^Prof.  Winnecke  discovered  a  comet  in  the 
constellation  Vulpecula,  Feb.  20th. 

3.  New  Planet. — A  telegram  from  Berlin  to  Pro£  Henry  an- 
nounced  the  discovery  of  a  new  planet  by  Palisa. 

The  following  names  have  been  given  during  the  past  year  to 
minor  planets: — (119)  Althceay  (121)  JTermioney  (125)  Liheratrix^ 
(126)  Velleda,  (127)  Johamia,  (128)  Nemesis,  (180)  Electra^  (131) 
Vala,  (131)  ^hra,  (133)  Cyrene,  (134)  Sophrosyne, 

4.  Engravings  firom  Harvard  College  Observatory. — No.  23  of 
this  series  contains  figures  of  seven  solar  prominences.  With  this 
is  a  re-issue  of  No.  3,  containing  a  representation  of  the  solar 
disk  with  spots  and  colored  prominences,  compiled  from  several 
dates.  Four  of  the  earlier  numbers  have  been  thus  re-issued,  that 
they  may  correspond  in  size  and  character  better  with  the  later 
engravings. 

IV.    Miscellaneous  Scientific  Intelligence. 

1.  Aaassiz  Memorial — The  following  circular  has  been  recently 
issued  by  the  Agassiz  Memorial  Committee.  The  object  is  one 
that  commends  itself  to  all  interested  in  the  progress  of  knowledge 
throughout  the  world,  as  well  as  to  those  who  would  do  honor  to 
the  name  of  him  who  devoted  his  whole  self  to  the  progress  of 
science  and  especially  of  American  science. — Eds. 

In  removing  Louis  Agassiz,  death  has  deprived  us  of  one  who, 
for  the  last  quarter  of  a  century,  has  done  more  than  any  other 
person  to  stimulate  in  this  country  the  study  of  Nature  and  a 
spirit  of  scientific  investigation.  Twenty-eight  yeare  ago  he  left 
^ritzerland,  his  native  land,  for  the  United  States,  and  became 
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an  American  citizen.  Those  twenty-eight  years  he  eave  to  un- 
remitted labor  in  behalf  of  that  higher  education,  which,  by  the 
public  at  large,  was  little  understood  His  interest  was  confined 
to  no  town  or  State,  to  no  individual  or  class.  *  *  At  the  age 
of  sixty-seven  his  brain  gave  wa^,  and  he  died,  leaving  no  wealth 
but  his  name,  his  example,  and  his  works. 

It  would  not  be  grateful  for  the  country,  nor  would  it  be  for  the 
country's  interest,  Uiat  Agassiz  should  pass  away  without  a  fitting 
memorial  Such  a  memorial  can  be  made  out  of  the  great  Museum 
which  he  began  and  partially  built,  and  for  the  completion  of 
which  he  has  left  full  directions.  Completed,  it  would  be  a  perpet- 
ual fountain  of  knowledge,  and  a  monument  quick  with  his  spirit. 

^'  Museum,^'  a  word  that  commonly  suggests  little  more  than  a 
collection  of  curious  objects,  is  scarcely  an  appropriate  name  for 
the  memorial  that  Agassiz  ought  to  have.  Ijbe  Museum  he 
labored  for  is  a  presentation  of  the  animal  kingdom, — ^fossil  and 
living, — arranged  so  as  to  picture  the  creative  thought.  The 
study  of  such  a  subject  is  the  highest  to  which  the  human  mind 
can  aspire. 

At  the  end  of  the  nineteenth  century,  no  nation,  least  of  all  the 
American,  may  dare  to  lag  in  science ;  for  science  is  only  another 
word  for  knowledge,  and  knowledge  is  the  source  of  power,  and  of 
whatever  contributes  to  power.     *     *    * 

Every  workman  must  have  his  tools:  the  tools  of  a  zoologist 
are  collections  of  natural  objects  systematically  arranged.  Such 
an  arrangement  means  the  exhibition  of  the  animal  creation  in  its 
natural  order.  This  is  one  of  the  prime  difiiculties  of  science, 
which  taxes  the  powers  of  the  greatest  genius.  So  difficult  is  it, 
indeed,  that  no  two  leaders  of  zoology  have  ever  exactly  agreed 
in  their  views ;  and  it  is  only  by  comparing  these  views  that  the 
student  can  judge  for  himself  Of  what  incalculable  value  would 
collections  be  if  such  had  been  arranged  by  Linnseus  in  Sweden, 
by  Oken  in  Germany,  by  Cuvier  in  France !  But  such  museums 
do  not  exist.  Even  the  great  collections  of  Cuvier  are  mingled 
with  those  of  his  opponents,  like  a  book  culled  from  the  works  of 
many  authors.  In  this  country  we  may  have  such  a  museum  if 
we  choose.  The  celebrated  System  of  iN  ature  of  Linnaeus  can  be 
studied  only  in  books.  We  may  and  should  have  Agassiz's  Sys- 
tem of  Nature  illustrated  by  the  specimens  which  his  own  hands 
have  set  in  order.  It  is  for  our  people  to  say  whether  they  will 
neglect  this  magnificent  opportunity  to  secure  a  means  of  educa- 
tion which  money  cannot  Duy  and  the  future  may  not  give. 

The  Museum  of  Comparative  Zoology  at  Cambridge  is  an  in- 
dependent establishment,  governed  by  a  faculty  of  its  own.  It 
was  founded  fifteen  vears  ago  by  Agassiz,  and  has  grown  to  its 
present  large  proportions  under  bis  hand.  In  connection  with  it 
IS  the  nemy-established  School  of  Experimental  Zoology  on  the 
Island  of  Penikese,  endowed  by  Mr.  Anderson  of  New  lork.  The 
system  of  instruction  has  the  widest  character,  and  includes  ele- 
mentary teaching,  as  well  as  the  highest  investigations.  The  ex- 
hibition-rooms are  free  to  the  public.    Large  sums  have  already 
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been  expended  in  bringing  this  national  museum  to  its  present 
condition.  Its  collections,  in  several  branches,  are  superior  to 
those  of  the  British  Museum  or  the  Garden  of  Plants.  To  make 
such  an  establishment  useful,  it  must  have  a  large  building,  and  a 
considerable  annual  income  for  the  payment  of  professors  and 
assistants.  To  perfect  the  grand  plan  conceived  by  Agassiz  will 
require  at  least  three  hundred  thousand  dollars,  of  which  about 
one-third  would  be  used  in  enlarging  the  building,  and  two-thirds 
would  be  funded. 

It  is  to  be  hoped  that  the  people  of  America,  for  whom  A^^assiz 
unselfishly  labored,  and  among  whom  he  spent  the  best  portion  of 
his  life,  will  not  hesitate  to  carry  on  the  work  he  began.  His  ex- 
am])le  and  his  teachings  have  benefited  every  section  of  the 
country.  The  Museum  he  planned  and  founded  will,  if  suitably 
endowed,  become  an  ever  increasing  source  of  scientific  and  practi- 
cal usefuhiess  to  the  nation  and  the  world.  We  cannot  doubt, 
therefore,  that  this  appeal  will  be  answered  by  the  public  in  the 
same  generous  spirit  m  which  Agassiz  devoted  his  genius  to  the 
furtherance  of  science  and  to  tne  advancement  of  education 
among  us. 

But  we  would  not  appeal  to  the  friends  of  liberal  culture  in  this 
country  alone.  The  works  and  the  example  of  Agassiz  are  the 
precious  legacy  left  by  him  to  all  nations;  and  we  feel  sure  that 
in  the  great  centers  of  scientific  activity  in  the  Old  World,  where 
his  genius  received  its  first  impulses  and  achieved  its  earliest 
triimiplis,  there  will  be  felt  an  earnest  desire  to  aid  in  a  work 
which,  while  commemoratiusr  the  labors  and  influence  of  Agassiz, 
will  be  an  enduring  source  of  scientific  discovery  and  inspiration. 

The  Agassiz  Memorial  Committee  include  John  A.  Lowell, 
Nathaniel  Thayer,  George  T.  Bigelow,  John  M.  Forbes,  Abbott 
Lawrence,  Theodore  Lyman,  Prof.  B.  Pierce,  Charles  Francis 
Adams,  Prof.  Joseph  Henry,  Prof.  J.  D.  Dana,  and  others.  Roger 
Wolcott,  of  Boston,  is  Secretary  of  the  Committee. — Subscriptions 
may  be  sent  to  Sebastian  B.  Schlesinger,  Esq.,  Treasurer  of  the 
Committee,  6  Oliver  street,  Boston. 

'2,  CijcU  of  Mag  wile  (UcUnation. — Mr.  Schott,  of  the  Coast 
Survey,  has  made  an  examination  of  the  secular  changes  in  the 
mat^iu'tic  elements,  based  on  all  the  observations  taken  at  Wash- 
ington since  1790.  lie  finds  that  the  magnetic  declination  varies 
in  a  perioilical  manner,  such  as  will  cause  it  to  return  to  its  present 
valur  in  about  two  hundred  and  forty  years.  The  dip  of  the  nee- 
dle is  now  slowly  diminishing,  and  has  continued  to  do  so  since 
l^'U),  its  annual  chamxe  bcint;  very  nearly  uniform.  The  total 
mngiutic  force  is  very  slowly  increasing,  although  at  present  it  is 
eensHly  nearly  stationary;  it  reached  its  minimum  about  twenty- 
two  years  ago,  and,  after  having  increased  until  the  present  time, 
is  prol)ai>ly  now  about  to  diminish.  The  hypothesis  that  the  ob- 
si'rvod  secular  changes  are  the  effect  of  thermal  changes  in  the 
earth's  crust,  manifesting  themselves  as  a  disturbance  in  the  distri- 
bution of  terrestrial  magnetism,  seems  to  the  author  a  plausible 
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one.  These  thermal  changes  must  be  considered  to  have  a  slow 
rate,  but  operating  on  a  vast  scale,  explaining  tlie  similarity  of 
secular  change  extending  over  thousands  of  miles,  and  goin^  on, 
perhaps,  for  hundreds  of  years.  They  appear  to  be  of  a  mixed, 
progressive  and  perio<lic  character.  I'hus  the  influence  which  pro- 
duced the  increase  of  the  magnetic  west  declination  on  our  Atlan- 
tic coast  was  first  recognized  m  the  northeast,  extending  itself  in 
time  toward  the  southwest. — X.     Harper^s  WeeUt/y  March  28. 

3.  Relation,  between  the  color  of  certain  BinU  and  their  yet- 
graphical  diatribiUion. — A  communication  has  lately  been  made  to 
the  Academy  of  Sciences  of  Paris,  by  Mr.  Alph.  Mii.nk-Edwakds, 
upon  the  relations  existing  between  the  color  of  certain  birds  and 
their  geographical  distribution,  having  special  reference  to  the 
fauna  of  Folynesia.  His  inquiries  have  embraced  not  only  re- 
searches into  the  absolute  fact  of  melanism  in  the  way  of  black 
plumage,  but  also  the  degree  to  which  this  influence  has  modified 
the  true  colors.  lieteriing  to  the  fact  that  birds  with  black  plum- 
age are  found,  in  all  parts  of  the  globe,  in  certain  families  of  wide 
geographical  extent,  he  states  that  melanism  is  exhibited  decidedly 
only  in  the  southern  hemispliere,  and  especially  in  the  portion 
embracing  New  Zealand,  Papouasia,  Madagascar  and  intermediate 
regions.  Thus,  in  the  swans,  all  the  species  of  the  northern  hem- 
isphere are  white;  in  New  Holland,  however,  there  ip  a  species 
that  is  entirely  black,  while  in  Chili  and  elsewhere  in  South  Amer- 
ica we  have  the  Coscoroba  swan,  entirely  white,  with  some  of  the 
quills  black,  differing  in  this  respect  alone  from  the  allied  species 
in  China. 

Again,  in  speaking  of  the  black  parrots.  Professor  Milne-Ed- 
wards remarks  that  none  of  these  are  to  be  found  black  in  America 
or  Asia,  or  in  Africa  excepting  along  the  bordera  of  the  Mozam- 
bique Channel,  though  they  are  not  rare  in  the  more  southern  re- 
gions ineluded  in  the  limits  mentioned,  some  of  them  being  entirely 
black,  and  othera  with  a  gloss  of  this  color,  such  as  to  obscure 
the  other  tints. — lb, 

4.  Proposed  Scientific  Re-snrvei/  of  the  State  of  Massachusetts. 
— The  American  Academv  of  Arts  and  Sciences  at  Boston  have 
lately  appointed  a  committee  to  memorialize  the  Legislature  on  a 
new  and  complete  scientific  survey  of  the  Commonwealth — topo- 
graphical, geological,  zoological  and  botanical.  The  committee, 
who  will  soon  act  in  the  matter,  are  i  Ion.  Chas.  Francis  Adams, 
George  B.  Emerson,  Richard  H.  Dana,  Jr.,  Wm.  B.  Rogers,  Alex- 
ander Agassiz,  Samuel  Scudder  and  T.  Sterry  Hunt.  Massachu- 
setts was  the  pioneer  in  such  surveys,  and  it  is  time  the  work  was 
renewed. 

5.  Transactions  of  the  A  inert  ran  Institute  of  Mining  Engin- 
eers. Vol.  I,  May.  1871,  to  Feb.,  187^3.  475  pp.  Svo.  Philadel- 
phia, 1874.  Published  by  the  Institute. — The  American  Institute 
of  Mining  Engineers  came  into  existence  in  1871,  and  has  held 
sessions  at  Wilkesbarre,  Bethlehem,  Troy,  Philadelphia,  New 
York,  Pittsburg,  Boston,   and  New  York  again.      This  volmiLQ 
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embraces  its  constitution,  lists  of  members,  associates  and  oiBoers, 
and  most  of  the  important  papers  which  have  been  presented  aft 
its  sessions,  and  bears  testimony  to  the  activity  of  the  InBtitiiti  %. 
and  the  value  of  many  of  the  papers  read  before  it  "  ./j 

6.  Dictionary  of  Elevations  and  Climatio  Regisier  qf  dlii«\ 
United  States ;  by  J.  M.  Toubr,  M.D,,  Washington,  D.  C.  Mpi^ 
8vo.  New  York.  (D.  Van  Nostrand.) — Dr.  Toner's  Diotions^f^ 
is  a  valuable  contribution  to  sanitary  science.  It  is  pre&oed  by  ai^ 
brief  introduction  on  tlie  orographic  and  other  physical  peoalis»->T- 
ties  of  North  America,  and  the  relation  of  elevation,  rain  fiili,  uX^;;. 
other  climatic  peculiarities  to  health  and  disease.  -  \* 

7.  2%€  Birth  of  Chemistry  {Nature  Series) ;  by  G,  F.  Rub-^^J 
WELL,  F.R.A.S.,  F.C.S.,  &c.  135  pp.  12mo.  London,  1874.  (MoMflbil 
&  Co.) — Mr.  Kodwell  has  made  an  extremely  interesting  Btdi_ 
volume  on  a  very  old  theme,  which  he  has  treated  with  equal  ffodl^^^ 
taste  and  learned  research.  It  is  a  muUiun  inparvo  ana  a  aetir**;,^ 
able  addition  to  the  chemist's  library.  ^/" 

8.  Dun glison^s  Medical  Dictionary^  itc.  1131  pp.  8 vo.  Fldliil^?.^' 
delphia,  1874.  (U,  C.  Lea.) — Dr.  Roblky  Dunglison's  Medical--^. 
Lexicon  has  for  lorty  years  been  the  standard  authority  for  Amfir> 
ican  medical  readers  and  students,  lliis  new  edition,  by  Dr. 
Rich.  J.  Dunglison,  son  of  the  late  author,  includes,  besides  a  com- 
plete revision  of  the  whole  work,  an  addition  of  more  than  six 
thousand  subjects  and  terms  not  embraced  in  the  last  edition  from 
the  author's  hand  in  1865.     The  work  is  very  greatly  improved. 

OBITUARY. 

Prof.  L.  A.  J.  QufcrKLBT  died  at  Brussels  on  the  16th  of  Fel>- 
ruary,  at  the  age  of  72.  At  the  age  of  eighteen  he  was  made 
Professor  of  Mathematics  at  the  royal  College  at  Ghent.  In  1819, 
at  tlie  age  of  twenty-three,  he  received  the  same  appointment  at 
the  Athenffium  at  Brussels.  From  1828  to  his  death  he  was  in 
charge  of  the  Royal  Observatory,  which  was  built  under  hii 
direction.  For  fortv  years  he  has  been  Peq)etual  Secretary  of  the 
Roval  Belgian  Academy. 

lie  has  edited  the  C^jrrespondence  Math,  et  Phys.^  8vo,  11  yoIk, 
1825-89;  the  Annua  ires^  tlie  Bulletins,  and  the  Mbnoires^  of  .the 
Academy ;  the  Annates  of  the  Observatory,  et<5.,  in  all,  over  two 
hundred  volumes.  In  addition,  he  has  written  a  large  number  of 
volumes,  some  of  them  of  a  popular  character,  on  Probabilitiei| 
Physics,  Astronomy,  Meteorology,  Statistics,  Man,  and  has  con- 
tributed to  the  above  and  other  periodicals  not  less  than  three 
hundred  articles  or  memoirs. 

Prof.  Quetelet  was  the  first  to  announce  the  annual  recanenoe 
of  the  August  meteors,  though  the  discovery  was  independently 
made  bv  Mr.  Herrick. 

The'  death  of  the  distinguished  astronomer  MIdlbk  is  announced 
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Art.    'X'Ti^ — On  the  Polarization  of  the  Zodiacal  Light;  by 

Prot  Arthur  W.  Wright. 

From  the  published  accounts  of  observations  upon  the 
Zodiacal  Light  it  would  seem  that  few  attempts  have  as  yet 
been  made  to  determine  whether  or  not  any  portion  of  the 
light  is  polarized,  and  the  results  thus  far  obtamed  leave  the 
question  still  undecided.  The  few  notices  that  can  be  found 
in  the  scientific  journals,  though  uncertain  and  contradictory, 
tend  to  the  view  that  it  is  eitner  not  polarized  at  all,  or  that 
the  proportion  of  polarized  light  is  so  small  as  to  render  its 
detection  a  matter  of  excessive  difficulty.  It  may  be  observed 
that  most  of  the  observations  giving  negative  results  appear 
to  have  been  made  with  Savart^s  polariscope;  but  with  an 
instrument  which  absorbs  so  large  a  proportion  of  the  light 
as  a  Savart,  the  amount  of  polarization  necessary  to  render  the 
bands  visible  increases  very  greatly  as  the  light  becomes  fainter, 
and  especially  so  as  it  approaches  the  limit  of  visibility. 
Numerous  attempts  have  been  made  by  the  writer  to  detect 
traces  of  polarization  with  a  Savart,  but  never  with  the  slight- 
est result,  excepting  that  on  one  especially  clear  evening, 
when  the  zodiacal  light  was  unusually  distinct,  the  bands 
seemed  to  be  visible  by  glimpses,  on  the  utmost  exertion  of 
visual  eflFort  The  observation  was  so  uncertain,  however,  that 
it  was  considered  worthless. 

Nearly  a  year  ago  a  series  of  observations  was  begun,  in  the 
course  of  which  a  variety  of  apparatus  was  employed,  by  the 
use  of  which  it  was  hoped  polarization  might  be  detected,  either, 
as  in  the  Savart,  by  bands  or  other  variations  in  the  brightness 
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of  parts  of  the  field,  or  as  with  the  double-image  prism,  the 
NicoVs  prism,  or  a  bundle  of  glass  plates  set  at  the  polarizing 
angle,  by  a  diminution  of  the  brightness  of  the  object  itseli 
None  of  them,  however,  gave  results  of  any  value  In  resuming 
the  study  of  the  subject  some  months  later,  the  attempt  was  made 
to  find  a  combination  which  should  give  a  large  field  of  view, 
and  which,  while  absorbing  as  little  light  as  possible,  should 
indicate  the  presence  of  even  small  proportions  of  polarized 
light,  by  sufficient  variations  of  intensity  to  render  it  available 
with  the  faintest  visible  illumination. 

A  Savart  in  which  the  tourmaline  was  replaced  by  a  Nicol, 
though  possessing  almost  perfect  transparency,  was  found  to 
give  too  small  a  field  of  view,  and  bands  too  faint  to  render  it 
of  any  service.  Another  instrument  was  constructed  on  a  plan 
similar  to  that  adopted  by  Mr.  Huggins  in  observations  upon 
Encke*s  comet,*  by  placing  a  large  double-image  prism  in  the 
end  of  a  tube  eighteen  inches  long,  the  other  end  of  which  had 
a  square  aperture  a  little  more  than  an  inch  in  diameter.  The 
distance  was  so  adjusted  that  the  two  images  just  touched  with- 
out overlapping.  This  seemed  to  promise  well,  and  on  usinc 
it  differences  of  intensity  were  perceived  which  indicated 
polarization  in  a  plane  passing  through  the  sun.  Two  defects, 
nowever,  are  inherent  to  this  mode  of  investigation ;  one,  that 
if  the  field  is  not  of  uniform  brightness  throughout,  the  brighter 
side  of  one  image  may  be  juxtaposed  to  the  lainter  side  of  the 
other,  thus  giving  rise  to  false  conclusions ;  another  in  the 
unequal  sensibility  of  different  parts  of  the  retina  In  conse- 
quence of  this,  the  one  of  the  images  directly  viewed  seems 
always  the  more  obscure,  and  the  true  relation  of  their  intensi- 
ties can  oxAj  be  found  by  indirect  vision,  the  eye  being  turned 
to  some  point  in  the  median  line  of  the  images.  Although 
when  used  with  the  observance  of  the  necessary  conditions, 
this  instrument  is  capable  of  giving  trustworthy  indications,  it 
was  soon  abandoned  for  a  better. 

Among  the  polariscopic  apparatus  belonging  to  the  physical 
cabinet  of  Yale  College,  a  quartz  plate  was  found,  cut  perpen- 
dicularly to  the  axis,  and  exhibiting  by  polarized  light  an 
unusual  intensity  of  color.  It  is  a  made,  the  body  of  the  plate 
consisting  of  left-handed  quartz,  through  which  passes  some- 
what excentrically  a  band  of  right-handed  quartz,  6'6  millimeters 
in  breadth.  This  band  is  not  bounded  by  sharp  lines  of 
division  on  the  sides,  but  by  intermediate  strips  {b  b  in  the 
figures),  about  two  millimeters  in  breadth,  which  are  of  differ- 
ent structure,  and  are  apparently  formed  by  the  interleaving  of 
the  strata  of  the  two  portions  at" their  edges.  In  the  polarizing 
apparatus  these  strips  simply  vary  from  bright  to  dark,  without 

♦  PhiL  Mag.,  voL  xliii,  1872,  p.  382. 
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marked  appearance  of  color.  Placed  between  two  Nicola,  the 
plate  has  the  appearance  represeDted  in  the  accompanjing  fig- 
ures, which  are  drawn  of  rail  size.     When  the  correaponding 


# 


diagonals  of  the  Kiools  are  parallel,  or  nearly  bo,  the  bands  are 
white  upon  a  deep  reddish  purple  ground,  as  shown  in  figure  1 ; 
with  the  Nicols  crossed,  the  bands  are  dark  upon  a  light  green- 
ish yellow  background,  ae  represented  in  figure  2.  Turning 
one  of  the  Nicols  i5°,  in  one  direction,  the  observer  sees  the 
central  band  a  intensely  blue  upon  a  yellow  ground ;  turning  in 
the  other  direction,  a  bright  yellow  upon  a  (fiirk  bine,  and  inter- 
mediate positionsgiTe  the  usual  varying  tints.  Examined  with 
one  Nicm  and  unpolarized  light  the  plate  ia  perfectly  colorless, 
and  shows  no  trace  of  its  heterogeneous  structure. 

The  quartz  plate  was  placed  m  one  end  of  a  tube,  large 
enough  to  admit  its  ftilt  size  very  nearly,  and  eleven  inches  in 
leogto.  This  was  found  better  than  a  shorter  one,  as  the  bands 
are  most  easily  seen  when  not  nearer  the  eye  than  the  limit  of 
distinct  vision.  In  the  other  end  was  paced  a  good  sized 
Nicol,  and  the  tube  was  provided  with  a  Joint  so  that  the  latter 
could  be  easily  turned.  Thus  mounted,  the  plate  and  Nicol 
form  ft  polariscope  of  extraordinary  sensibility,  with  faint  light 
&r  excelling  the  best  Savart,  and  even  with  strong  light  some- 
what superior  to  it  The  instrument  is  especially  suited  for  the 
detection  of  small  degrees  of  polarization,  and  the  examination 
of  very  faint  lights.  The  occurrence  of  the  narrow  strips  is 
peculiarly  advantageous,  as  with  very  feeble  illumination  they 
appear  bright  upon  a  dark  ground,  or  the  reverse,  and  are  thus 
more  easily  seen.  The  efficiency  of  the  instrument  is  further 
increased  by  the  comparatively  large  field  of  view,  and  the 
perfect  transparency  of  the  whole  combination. 

As  a  test  of  its  delicacy  may  be  mentioned  that  when  a  glass 
plate  is  laid  upon  the  window-sill,  and  the  light  of  the  sky  in  a 
clear,  moonless  night,  afl^r  reflection  from  it,  is  viewed  through 
the  instrument,  both  bright  and  dark  bands  are  easily  seen, 
the  former  appearing  surprisingly  luminous  in  contrast  with  the 
darkened  fieli  The  plane  of  polarization  ia  easily  determined 
with  it,  since  when  the  bright  bands  appeal,  as  \n  ¥i,^c«V'Ca& 
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longer  diagonal  of  the  Nicol  is  in  that  plane ;  when  the  bands 
are  dark,  the  plane  of  polarization  is  parallel  to  the  shorter 
diagonal. 

On  the  completion  of  the  instrument  the  first  favorable 
opportunity  was  improved  to  test  its  efficiencjr  upon  the  zodiacal 
lignt     It  was  almost  immediately  found  to  indicate  the  exist- 
ence of  light  polarized  in  a  plane  passing  through  the  sun. 
The  bands  were  fainter  than  had  been  expected^  and  at  first 
were  overlooked.     More  careful  attention,  however,  and  the 
observance  of  suitable  precautions  established  their  presence 
beyond  a  doubt     The  oDservations  were  made  in  a  room  in  the 
upper  floor  of  one  of  the  college  buildings,  the  windows  of  which 
look  toward  the  southwest,  and  command  a  clear  view  nearly 
to  the  horizon.     The  room  during  the  observations  received 
light  only  from  the  sky,  which  sufficed  to  render  objects  dimly 
visible.     After  being  exposed  only  to  this  dim  light  for  fifteen 
or  twenty  minutes,  the  eye  became  sufficiently  sensitive  for 
observation.      This  was  a  very  necessary  precaution,   as   a 
moment's  exposure  to  a  bright  light  rendered  the  eye  unfit  for 
delicate  discrimination  of  luminous  intensities  for  a  long  time. 
The  Nicol  of  the  instrument  was  now  turned  round  and  round, 
so  that  no  previous  knowledge  of  its  position  relatively  to  the 
bands  of  the  quartz  plate  might  influence  the  judgment  as  to 
their  character  and  position.     On  looking  through  the  tube  at 
the  zodiacal  light,  and  turning  the  whole  instrument  slowly 
round,  it  was  possible  to  find  a  position  where  the  bands  coula 
be  seen,  and  their  nature  and  direction  determined.      They 
could  rarely  be  seen  steadily  by  direct  vision,  and  then  only  for 
a  few  moments,  as  the  excitement  and  fatigue  of  the  eye  con- 
sequent upon  the  straining  effort  of  vision  soon  rendered  the 
field  a  confused  blur.     Allowing  the  eve  to  rest  a  few  minutes, 
also  on  turning  it  obliquely,  and  rapidly  directing  it  to  difier- 
ent  parts  of  the  field,  and  especially  by  suddenly  bringing  it  to 
focus  upon  the  quartz  plate,  the  bands  could  be  distinctly  seen, 
and   their  direction  fixed  with  a  good  d^ree  of  certainty. 
On  the  clearest  nights  the  brightest  bands  {b  6,  figure  1),  were 
seen  without  much  difficulty,  the  broad  dark  band  (a)  corre- 
sponding to  an  inclination  of  45°  in  the  Nicol,  less  easily,  and 
tne  dark  bands  (6  6,  figure  2)  by  glimpsea     After  determining, 
by  repeated  observations,  the  angle  made  by  each  of  the  bands 
with  some  fixed  line,  as  the  axis  of  the  zodiacal  light,  or  a  line 
nearly  parallel  to  it  drawn  between  two  known  stars,  the  posi- 
tion of  the  plane  of  polarization  was  found,  by  means  of  light 
from  a  gas-flame  reflected  from  a  sheet  of  white  paper  placed  in 
a  suitable  position,  or  by  observing  the  position  of  the  NicoL 
The  reults  of  the  numerous  observations  of  different  evenings 
were  entirely  concordant,  and  showed  that  the  plane  of  polar- 
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zation  passes  through  the  sun,  as  nearly  as  it  was  possible  to 
ix  its  direction.  In  no  instance  when  the  sky  was  clear  enough 
o  render  the  bands  visible,  did  their  position,  as  determined  by 
he  observations,  fail  to  agree  with  wnat  would  be  required  by 
K>larization  in  a  plane  through  the  sun.  Not  the  slightest  trace 
►f  bands  was  ever  seen  when  the  instrument  was  directed  to 
►ther  portions  of  the  sky. 

These  observations,  for  the  most  part,  were  made  in  the  ten 
lays  preceding  new  moon  in  January  and  February  of  the 
present  year.  During  this  time  there  was  an  unusual  number 
►f  clear  nights,  with  the  atmosphere  cold  and  still.  A  few  good 
venings  in  March  and  April  also  were  improved  in  verifying 
he  results  previously  obtained.  The  absence  of  the  moon,  and 
he  distance  of  any  of  the  brighter  planets  and  stars  from  the 
ield  of  observation,  removed  all  uncertainties  from  these  sources. 
Sls  the  instrument  was  directed  to  points  from  80  to  40,  or  even 
ttore,  degrees  from  the  sun,  the  polarization  could  not  have  pro- 
eeded  from  faint  vestiges  of  twilight  That  it  did  not  arise  by 
eflection  of  the  zodiacal  light  itself  in  the  atmosphere,  or  from 
tmospheric  impurities,  is  shown  both  by  its  amount  and  the 
act  that  it  was  always  most  easily  discernible  on  the  clearest 
tights. 

The  next  step  was  to  determine  what  percentage  of  the  light 
3  polarized.  The  failure  of  the  common  apparatus  to  detect  it 
hows  that  the  proportion  is  not  large,  but  it  must  be  recollected 
hat  for  a  light  so  very  faint  much  greater  differences  of  inten- 
ity  are  imperceptible  than  in  cases  where  the  luminous  intensity 
3  greater.  The  determinations  were  made  as  follows.  A  bundle 
►f  four  pieces  of  excellent  plate-glass  was  placed  vertically  at 
he  center  of  the  horizontal  divided  circle  of  a  Deleuil's 
;oniometer,  the  telescope  of  which  was  replaced  by  the  polar- 
scope  used  in  the  preceding  observations.  The  latter  was  so 
)laced  that  its  axis  was  perpendicular  to  the  surface  of  the 
)undle  when  the  index  of  the  goniometer  was  at  zero.  With 
he  instrument  thus  adjusted  no  bands  are  seen  when  unpolar- 
zed  light  is  passed  through  it,  but  on  turning  the  glass  plates 
>ands  become  visible  corresponding  to  polarization  in  a  vertical 
)lane.  The  amount  of  the  light  polarized  by  refraction  through 
our  glass  plates  at  different  incidences  has  been  calculated  by 
^rof.  W.  G.  Adams  *  for  intervals  of  5°,  from  10°  to  70  ^  and 
,t  72°.  Taking  the  values  given  in  his  table  for  crown  glass 
/i=l'5),  those  for  intermediate  angles  are  readily  determined 
)y  interpolation,  or  graphically.  The  latter  method  was 
mployed,  a  curve  being  drawn  representing  all  the  values  in 
he  taole.  The  results  given  in  the  table  correspond  very  well 
nth  those  obtained  by  Proi  Pickering,f  who  verified  his  yfti>iftak 

♦  MonthJj  Notices  of  the  Rojal  Ast.  Soc.,  Uaw^  \^,  \%*\\,  ^.  \^*^. 
/  TbiB  Journal,  III,  yol.  7,  p.  102. 
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experimentally,  and  showed  that  the  deviation  from  theory  in 
the  case  of  four  plates  only  becomes  perceptible  above  fe**. 
As  Prof.  Pickering  used  the  value  >«=1*55,  the  numbers  in  his 
table  are  slightly  greater  than  those  used  in  constructing  the 
curve,  from  Prof.  Adams's  table. 

The  determinations  were  made  by  observation  of  the  percent- 
age necessary  to  render  the  bands  visible  with  the  same  distinct- 
ness as  in  the  zodiacal  light.  A  set  of  experiments  was  made  with 
light  from  the  clear  sky  in  a  moonless  night,  the  instrument 
being  directed  to  one  of  the  brightest  points  of  the  Galaxy, 
where  the  light,  though  less  bright  than  that  of  the  zodiaoJ 
light,  did  not  very  greatly  differ  from  it  in  intensity.  The 
glass  plates  being  turned  until  the  bands  had  the  same  degree 
of  distinctness  as  in  the  previous  observations,  the  mean  of 
several  observations  gave  as  the  polarizing  angle  41®,  corre- 
sponding to  a  percentage  of  20*5.  This  value,  on  account  of 
the  inferior  brightness  of  the  light  compared,  is  somewhat  too 
large,  and  may  be  taken  as  an  upper  limit 

To  find  a  lower  limit,  and,  at  the  same  time,  an  approximate 
value,  light  reflected  from  a  nearly  white  wall  wim  a  dead 
surface  was  employed.  The  point  observed  with  the  instru- 
ment was  so  cnosen  as  to  be  equally  distant  from  two  gas- 
flames  so  placed  that  the  planes  through  them  and  the  axis  of 
the  polariscope  were  at  right  angles,  thus  giving  light  entirely  free 
from  polarization.  The  flames  were  now  turned  down  equally 
so  that  the  field  had,  as  nearly  as  could  be  estimated,  the  same 
brightness  as  it  had  with  the  zodiacal  light  A  small  scratch 
upon  the  quartz  plate,  which  could  just  be  seen  by  the  light  of 
the  latter,  served  as  a  means  of  control  in  adjusting  the  inten- 
sity. The  experiments  being  conducted  as  before,  gave,  as  the 
mean  of  numerous  determinations,  the  angle  86° 'G,  correspond- 
ing to  a  proportion  of  16  per  cent,  which  is  probably  not  far 
from  the  true  value  of  the  amount  sought  Another,  in  which 
the  light  was  made  perceptibly  brighter  than  that  of  the  zodiacal 
tract,  gave  for  the  angle  28°'5,  and  a  percentage  of  94,  which  is 
certainly  too  small.  We  may  safely  take  15  per  cent  as  near 
the  true  valua 

The  fact  of  polarization  implies  that  the  light  is  reflected, 
either  wholly  or  in  part,  and  is  thus  derived  originally  from  the 
sun.  The  latter  supposition  is  fully  confirmed  by  various 
spectroscopic  observations,  of  M.  Liais,*  Prof.  C.  Piazzi-Smyth,t 
and  others,  which  show  that  the  spectrum  is  continuous,  and 
not  perceptibly  diflerent  from  that  of  faint  sunlight  The 
writer  has  also  made  numerous  observations  with  a  spectro- 
scope specially  arranged  for  faint  light,  of  which  an  account 

♦  Comptes  Rendus,  Tom.  74,  1872,  p.  262. 

t  Monthly  Notices  of  the  Royal  Ast  Soc.,  June,  1872,  p.  277. 
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will  be  published  hereafter,  and  which  lead  to  the  same  con- 
clusion. It  may  be  mentioned  further  that  a  particular  object 
in  these  observations  was  to  determine  whether  any  bright  lines 
or  bands  were  present  in  the  spectrum,  or  whether  there  is  any 
connection  between  the  zodiacal  light  and  the  polar  aurora,  and 
tbe  results  give,  as  an  answer  to  the  Question,  a  decided 
negativa  This  is  important  here,  as  excluaing  from  the  possi- 
ble causes  of  the  light  the  luminosity  of  gaseous  matter,  either 
spontaneous  or  due  to  electrical  discharge  The  supposition  that 
tne  light  is  reflected  from  masses  of  ^,  or  from  globules  of 

Erecipitated  vapor,  is  not  to  be  entertained,  since,  as  ZoUner  * 
as  snown,  such  globules  in  otherwise  empty  space  must  evap- 
orate completely,  and  a  gaseous  mass  would  expand  until  its 
density  became  &r  too  small  to  exert  any  visible  effect  upon  the 
rays  of  light 

We  must  conclude,  then,  that  the  light  is  reflected  from  matter 
in  the  solid  state,  that  is,  from  innumerable  small  bodies  revolv- 
ing about  the  sun  in  orbits,  of  which  more  lie  in  the  neighbor- 
bood  of  the  ecliptic  than  near  any  other  plane  passing  through 
the  sun.  Although  such  a  cause  for  the  zooiacal  light  has 
often  been  assumed  as  probable,  no  satisfactory  proof  of  it 
has  hitherto  been  found,  and  the  establishment  of  the  fact  of 
polarization  was  necessary  to  its  confirmation,  since  spectro- 
scopic appearances  alone  leave  it  uncertain  whether  the  matter 
is  not  sell-luminous. 

If  these  meteroids,  as  there  is  no  good  reason  to  doubt,  are 
similai:  in  their  character  to  those  which  have  fallen  upon  the 
earth,  they  must  be  either  metallic  bodies,  chiefly  of  iron,  or 
stony  masses,  with  more  or  less  crj'stalline  structure,  and 
irregular  surfacea  If  we  accept  ZoUner's  conclusion  that  the 
gases  of  the  atmosphere  must  extend  throughout  the  solar 
system,  though  in  an  extremely  tenuous  condition  in  space,  the 
oxidation  of  the  metallic  meteroids  would  be  merely  a  question 
of  time.  They  would  thus  become  capable  of  rendering  the 
light  reflected  from  them  plane-polarized,  and  the  same  efiect 
would  in  any  case  be  produced  by  those  of  the  stony  char- 
acter. 

In  order  to  ascertain  whether  the  proportion  of  polarized 
light  actually  observed  approached  in  any  degree  what  might 
be  expected  from  stony  or  earthy  masses  of  a  semi-crystalline 
character,  with  a  granular  structure,  and  surfaces  more  or  less 
rough,  a  large  number  of  substances  possessing  these  charac- 
teristics was  subjected  to  examination  with  a  polarimeter.  For 
this  purpose  the  apparatus  already  described  was  employed, 
there  being  added  to  it  a  support  for  the  object,  with  a  horizon- 

*  "  Ueber  die  Natur  der  Gometen,"  p.  79,  et  seq.     Abstract  in  this  Joomal, 
ni,  voL  iii,  p.  476. 


468       A.  W.  Wright— PoJarimtUm  of  the  Zodiacal  Light 

tal  circle  for  determiDing  the  azimuths  in  placing  the  ohject 
and  the  light.  The  substances  examined  had  approximately 
plane  surfaces,  which  were  placed  vertically,  ana  so  that  the 
normal,  at  the  point  observed,  bisected  the  angle  between  the 
lines  from  it  to  the  eye  and  the  illuminating  flame.  The  light 
being  thus  polarized  in  a  horizontal  plane,  was  depolarized,  toat 
is,  compensated,  by  turning  the  glass  plates  through  the  neces- 
sary angle,  the  percentage  corresponding  to  which  was  immedi- 
atelv  found  by  means  oi  the  curve. 

Ir  we  suppose  a  line  drawn  from  the  place  of  observation  to 
a  point  in  the  zodiacal  light,  and  another  drawn  from  the  sun 
to  this  at  its  nearest  point,  the  two  lines  would  meet  at  right 
angles,  and  a  surface  at  the  point  of  intersection  most  be  so 

S laced  as  to  have  an  incidence  of  45°  in  order  to  send  the  re- 
ected  liffht  to  the  eye  of  the  observer.  We  may  in  general 
assume  that  there  would  be  as  many  meteoroids  on  the  nearer 
side  of  the  line  from  the  sun  as  on  the  other.  Those  on  the 
more  remote  side,  while  presenting  a  larger  illuminated  surface, 
would  reflect  the  light  at  a  smaller  angle,  and  therefore  polar- 
ize a  smaller  amount  of  it  Those  on  the  earthward  side  would 
send  less  light  to  the  earth,  but  polarize  a  larger  proportion  of 
it  The  differences  would  so  nearly  complement  one  another 
that  we  may  take  their  united  effect  as  equivalent  to  that  of  a 
body  placed  at  the  point  of  intersection  mentioned  above.  For 
this  reason  the  objects  tested  were  so  placed  that  the  angles  of 
incidence  and  reflection  were  46°. 

Some  of  the  substances,  and  the  percentages  obtained,  were 
as  follows  Porphyry,  ground  smooth,  but  not  polished,  35  per 
cent ;  another  surface  thickly  covered  with  accumulated  dust, 
15*5 ;  dark  blue  shale,  25*7 ;  syenite,  coarsely  crystalline  and 
rough,  16*4 ;  gneiss,  rather  fine-grained,  8*3 ;  granite,  fine- 
grained, 11-8;  red  jasper,  rough  broken  surface,  28 '6;  sand- 
stone, 12*1 ;  brick,  rough  fragment,  81 ;  the  same,  smooth  sur- 
fece,  11-3;  red  Wedgewood  ware,  unglazed,  14'2;  indurated 
clay,  light  brown.  11 ;  mortar,  whitewashed  surface,  12"1 ;  the 
same,  rough  side,  6 ;  white  chalk,  cut  plane,  2.  A  fragment  of 
the  great  meteorite  of  Pultusk,  which  the  writer  owes  to  the 
kindness  of  Prof.  O.  C.  Marsh,  gave  from  a  broken  surface  117, 
from  the  blackened  surface,  36  per  cent  of  polarized  light.  It 
is  of  the  stony  class,  and  of  a  light  bluish  gray  color. 

The  results  show  that  from  surfaces  of  this  nature  the  light 
reflected  has  in  general  but  a  low  degree  of  polarization,  not 
greatly  different,  in  an  average,  from  that  found  in  the  zodiacal 
Rght  Although  no  certain  conclusions  can  be  drawn  from  ex- 
periments like  these,  their  results  are  not  inconsistent  with  the 
supposition  in  reference  to  which  they  were  made,  but  so  far  as 
they  go,  tend  to  confirm  it  The  results  of  the  investigation 
may  be  summarized  as  foWo^a  \ 
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1.  The  zodiacal  light  is  polarized  in  a  plane  passing  through 
the  sun. 

2.  The  amount  of  polarization  is,  with  a  high  degree  of 
probability,  as  much  as  16  per  cent,  but  can  hardly  be  as  much 
as  20  per  cent 

3.  The  spectrum  of  the  light  is  not  perceptibly  different  from 
that  of  sunliffht  except  in  intensity. 

4.  The  light  is  denved  from  the  sun,  and  is  reflected  from 
solid  matter. 

6.  This  solid  matter  consists  of  small  bodies  (meteoroids) 
revolving  about  the  sun  in  orbits  crowded  together  toward  the 
ecliptic 

Yale  College,  April  6, 1874. 
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Virginia ;  by  Wm.  M.  Fontaine. 

A  FEW  miles  below  the  Falls  of  the  Elanawha,  a  massive 
white  sandstone  rises  from  beneath  the  lowest  strata  of  the 
Lower  Coal  series.  This  rock,  over  which  the  river  runs  at  the 
Falls,  is  shown  in  the  hills  along  New  Biver  for  a  distance  of 
nearly  forty  milea  Continuing  to  rise  to  the  east,  it  discloses, 
beneath,  a  great  formation  of  sandstones,  containing  important 
beds  of  coal.  This  formation  is  well  known  as  differiug  strik- 
ingly, both  in  its  f ragmental  rocks  and  coab,  from  the  overlying 
lower  coaL  There  are  different  opinions,  however,  as  to  its 
true  place  in  the  geological  seriea  Prol  Wm.  B.  Rogers,  the 
only  one  who  ever  examined  it  carefully  in  connection  with  the 
general  geology  of  the  State,  was  inclined  to  consider  this 
lowest  coal  field  as  the  equivalent  of  the  **  Great  Conglomerate," 
here  much  expanded. 

Others  hold  that  it  is  merely  a  great  development  of  the 
lower  coals.  Again,  to  the  east,  this  series  of  coals  is  under- 
laid by  the  enormously  expanded  Sub-carboniferous  group.  As 
this  latter  contains  in  this  region  important  coals  also,  an 
additional  element  of  doubt  is  introduced. 

The  recent  active  exploration  of  the  New  River  coals,  caused 
by  the  opening  of  the  Ches.  &  O.  R  R,  renders  the  present  a 
favorable  time  for  the  study  of  this  region.  A  recent  visit  to  a 
point  where  this  series  of  rocks  is  best  exposed  has  put  me  in 
possession  of  some  data  which  may  be  of  interest 

I  think  that  we  cannot  fully  understand  the  peculiar  features 
of  the  New  River  coals,  unless  we  examine  the  nature  of  the 
accompanying  formations  in  this  section.  I  may  therefore  be 
permitted  to  give  here  some  of  the  acatily  alore  o\  i^j^\&  OoXalwi^^ 
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coQcemiDg  the  overlying  and  underlying  formationa  I  woaU 
state  in  this  place  that  the  fourfold  division  of  the  strata  of  the 
Appalachian  coal  field  made  in  the  Pennsylvania  reporte^is 
strikingly  applicable  to  all  parts  of  this  field  in  West  V  irgioiii 
and  hence  1  shall  use  the  terms  employed  by  H.  D.  Bogers^ia 
that  work«  denoting  such  a  division. 

The  Ohio  Biver,  at  the  mouth  of  the  Kanawha,  flows  a  little 
to  the  west  of  the  center  of  the  great  Appalachian  coal  basin. 
A  line  drawn  along  the  course  of  the  Kanawha  and  New 
Rivers  would  pass  nearly  at  right  angles  across  the  outcropping 
edges  of  all  the  strata  embra^  in  this  basin.  These  riven 
trench  the  soil  deeply,  and  afford  excellent  natural  sectiona 
If,  then,  we  enter  the  basin  from  this  point  on  the  Ohio,  and 
proceed  eastward  along  this  line,  we  shall  be  enabled  to  get  a 
connected  view  of  the  several  formations  in  this  portion  of 
West  Virginia.  Pro£  Wm.  B.  Bogers  has  determined  the  dip 
of  the  strata  along  this  lina  It  is  toward  the  center  of  the 
basin,  or  to  the  northwest  The  inclination  is  greatest  on  New 
Biver,  diminishing  gradually  toward  the  Ohio.  As  we  approach 
this  river  it  becomes  hardly  perceptible,  and,  a  short  aistance 
east  of  it,  is  reversed,  owing  to  its  position  in  the  basin. 

The  steeper  dips  on  the  east  vary  from  80'-100'  to  the  mile, 
owing  to  tne  occurrence  of  broad  anticlinals.  The  normal 
amount  may  be  taken  at  80'  (80  feet)  to  the  mile. 

Tlie  strata  shown  at  the  mouth  of  the  E^anawha  belong  to  the 
Upper  Coal  series.  Near  Point  Pleasant  a  bed  of  coal  appears. 
18'  above  high  water  mark,  and  2}  feet  thick.  This  Prol  Bogers 
identifies  as  the  Pittsburg.  While  this  coal  differs  greatly  from 
its  exposures  farther  north,  the  accompanying  strata  have 
changed  to  an  equal  degree.  The  thickness  of  the  Upper  Coal 
series  is  here  greatly  diminished.  The  well-developed  lime- 
stones of  the  north  are  now  calcareous  shales ;  the  thick  and 
numerous  beds  of  coal  are  reduced  to  one,  or  at  most  two; 
and  the  massive  formation  of  sandstones  and  shales,  forming,  in 
the  north  of  the  State,  "The  Upper  Barren  Measures,''  are 
lacking.  Up  the  Kanawha,  the  gentle  inclination  of  the  strata 
causes  the  Pittsburg  coal  to  crop  out  near  the  mouth  of  the 
Pocatalico  Biver,  having  here  increased  to  a  thickness  of  5'. 
A  second  thin  bed  is  here  shown.  No  measurements  have  been 
made  of  the  thickness  of  the  Upper  Coal  series.  For  the  sake 
of  comparison,  I  add  a  description  of  the  same  strata  in  the  north 
of  the  State,  as  determined,  near  Morgantown,  by  Prof.  Bogers 
and  Dr.  J.  J.  Stevenson.  In  this  section  the  series  contains 
four  beds  of  coal,  with  27'  of  pure  bituminous  matter,  the 
Pittsburg  alone  having  a  thickness  of  11^'  of  pure  coal,  with 
2^'  of  shale.  Besides  these  there  occur,  higher  up,  two  other 
seams,  which  are  locally  of  importance     The  former  are  con- 
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tained  in  800^  of  fragmental  rocks,  above  nvhicli  occurs  a  great 
(unmeasured)  thickness  of  barren  strata. 

The  topography  of  the  country  near  the  mouth  of  the 
Kanawha  discloses  beautifully  the  soft  and  yielding  nature  of 
the  strata.  The  banks  of  the  stream  are  low,  the  flats  wide, 
and  the  hills  softly  rounded. 

Passing  up  stream  to  the  east  of  the  outcrop  of  the  Pittsburg 
coal,  we  enter  the  barren  upper  portion  oi  the  Lower  Coal 
series,  which  Rogers  calls  the  "Lower Barren  Measures."  This, 
unlike  the  overlying  series,  shows  no  diminution  in  thickness, 
but  is  even  thicker  here  than  in  the  north,  evidently  gaining 
its  increase  of  matter  in  the  lower  beds.  No  measurements  of 
the  whole  have  been  made,  but  we  are  justified  in  this  con- 
clusion from  the  following  facts:  Including  its  base,  the 
"  Mahoning  sandstone,"  it  is  exposed  for  a  distance  of  more 
than  15  miles  along  the  river.  The  Mahoning  has  been 
measured  by  Rogers  above  Charleston,  and  he  finds  it  140'. 
In  the  north  of  the  State,  near  Morgantown,  the  Mahoning 
measures  76',  according  to  Stevenson,  who  gives  450'  for  the 
thickness  of  the  entire  series  here.  The  average  dip  on  the 
Kanawha  cannot  fail  to  give  a  much  greater  thickness.  In 
this  formation  we  find  the  first  of  a  series,  which  reach,  in 
this  region,  a  marked  development,  as  compared  with  their 
exposures  to  the  north. 

The  massive  strata  of  this  series,  especially  toward  its  base, 

Croduce  a  great  change  in  the  features  of  the  country.  The 
ills  close  in  upon  the  river,  and  rise  higher  and  more  abruptly , 
disclosing  massive  ledges  of  rock  in  their  river  slopes.  Indeed, 
fix>m  this  point,  the  course  of  the  stream  becomes  more  and 
more  gorge-like,  until,  on  New  River,  we  have  the  formation  of 
a  true  cafion. 

While  the  Lower  Barren  Measures  seem  to  thicken  to  the 
south,  from  the  Pennsylvania  line,  they  appear  to  undergo  a 
corresponding  considerable  development  to  the  northeast,  as 
we  shall  see  is  the  case  with  the  underlying  older  formations. 
They  continue  to  a  point  some  six  miles  above  Charleston, 
where  the  upper  strata  of  the  lower  coals  make  their  appear- 
ance. This  latter  series,  on  the  Kanawha,  presents  the  strong- 
est possible  contrast  with  its  character  m  the  north,  near 
Morgantown.  In  thickness,  number  of  coal  beds,  and  character 
of  deposits,  it  is  just  the  reverse  of  the  Upper  Coal  series  on 
the  Kanawha.  For  comparison,  we  may  take  the  section  at 
Morgantown.  We  find  here,  according  to  Rogers  &  Stevenson, 
200'  of  fragmental  rocks,  in  which  the  shales  aggregate  140'. 
The  60'  of  sandstones  are  mostly  flaggy  and  argillaceous. 
The  thickest  single  sandstone  lieis  near  the  base,  and  is  only 
25'  thick.  The  thickest  shale  is  30'-40'.  Ot\Vj  \&'  ^l  ^^^ 
are  found  in  Sve  beds. 
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The  thickDess  of  the  series  on  the  Kanawha  is,  by  those  best 
acquainted  with  the  field,  taken  to  be  950^  Bogers  caUs  atten- 
tion to  the  great  diminution  in  the  amount  of  shales  and  argil- 
laceous matter  in  this  portion  of  the  field.  As  a  consequenoe, 
we  find  the  several  strata  more  massive  and  of  greater  thick- 
ness. To  illustrate  this,  we  may  note  the  fact  that  Bogers  found 
the  uppermost  sandstone  of  the  series,  which  lies  close  under 
the  Mahoning,  to  be  215^  thick,  while  the  next  one  below  this 
has  the  thickness  of  200^  The  only  important  shale  of  the 
series  lies  under  these  sandstones,  having  the  thickness  of  40', 
but  it  is  much  mingled  with  inter-stratifications  of  flaggy  sand- 
stone. The  lowest  beds  of  the  series  are  coarse,  heavy  sand- 
stones, where  they  overlie  the  succeeding  formation  below  the 
Falls,  but  this  is  apparently  not  the  case  farther  to  the  eastward, 
on  New  River,  where  they  have  been  principally  removed  by 
denudation. 

To  give  the  reader  some  idea  of  the  number  and  thicknesBof 
the  coal  seams  in  the  Lower  Goal  series  on  the  Kanawha,  I 
append  the  following  measurements,  taken  near  the  mouth  of 
Pamt  Creek.  This  point  bein^  some  distance  west  of  the  east 
outcrops  of  the  base  of  this  series,  the  initial  plane  is  conside^ 
ably  above  this  base,  and  hence  the  lowest  rocks  are  not  given 
here.  To  complete  the  section,  we  should  add  a  portion  of  the 
strata  measured  at  Sewell  Mountain  on  New  River.  Even 
then  there  exists  an  unknown  interval,  there  being  no  means 
of  connecting  the  two  measurements.  The  coal  seams  on  Paint 
Creek  occur  in  the  richest  portion  of  the  Kanawha  coal  field. 
These  measurements  are  the  most  extended  that  have  been 
made  in  this  section.  For  the  Paint  Creek  section,  and  that  at 
Sewell  Mountain,  along  with  other  valuable  information,  I  am 
indebted  to  M.  F.  Maury,  Jr.,  M.E.,  F.G.S.,  whose  acquaintance 
with  this  region  renders  him  the  best  authority  in  matters  con- 
nected with  it  The  measurements  on  Paint  Creek  commenced 
at  a  point  40'  above  the  level  of  the  Kanawha.  The  following 
is  the  section.  Commencing  at  the  bottom,  the  first  bed  occurs 
12'  6"  above  the  initial  point;  while,  above  this,  the  various 
seams  occur  at  the  intervals  given  in  the  left  hand  column : 

Top  of  HUL  .  Thickness. 

283'         Seam Not  opened. 

34'         "     2' 

21'  6" "      3'  6" 

10'  6" Flint  ledge 

10'  6"  Seam 4' 

66'         "     4' 

42'  6" "     11'  4" 

63'  "     3'  6 

33'         "     6' 

42'  8" "     Not  opened. 
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Top  of  HilL  ThicknesB. 

17'  6" Seam 2'  6" 

22'  2" "     Not  opened. 

88'  8" "     " 

g/ ...  **  ...  *' 

68'  !.-.!'..  «  ^."I-   I-"]""'          " 

36'  "  " 

VQ'  "  2' 

16'  -.  "  2' 

21'  " 3'  6" 

29'  "  2' 

11'  «  8' 

12'  6" **  2'  6" 

40'  above  the  Kanawha,  and  commencement  of  section. 

Ve  thus  have,  in  a  hill  984'  high,  51'  10"  of  coal,  with  seven 
ns  not  opened.  These  measurements  extend  up  into  the 
ver  Barren  group.  The  interval  of  288',  with  the  coal  seam 
ts  termination,  occurs  in  this  senes.  The  stratum  called  the 
ack  Flint  Ledge,"  in  this  section,  is  a  remarkable  rock,  and 
erves  special  mention.  It  is  usually  about  T  thick.  In 
ly  places  it  is,  for  a  portion  of  its  tnickness,  a  true  flint 
lalfy,  however,  it  is  a  dark  homstone.     It  is  a  very  persist- 

stratum,  and  may  be  recognized  at  a  glance  over  wide 
ces.     It  serves  as  a  valuable  mark  for  the  determination  of 

upper  limit  of  the  Lower  Coals  on  the  Kanawha.  It  is, 
^ever,  a  short  distance  below  the  Mahoning  sandstone,  the 
B  upper  boundary.  Its  equivalent  in  the  north  of  the  State 
.  black  bituminous  slate,  crowded  with  marine  organisms, 
3ng  which  Dr.  Stevenson  found  species  of  Yoldia,  Nucula^ 
crockeilus,  Productus,  Athyris,  Bellerophon  and  Phillipsia, 
tending  into  Ohio,  its  wide  prevalence  gives  indication  of  an 
ensive  change  in  the  conditions  then  prevalent  in  the  basin, 
^^ell  deserves  a  careful  examination  under  the  microscope.  A 
gh  examination  made  by  myself  gave  indications  that  this 
k  has  been  produced  by  the  aid  of  minute  organisms.  The 
Dring  matter  is  grouped  in  cellular  forms  like  the  Desmids 
;he  Devonian  homstone.  In  the  north  of  the  State  numer- 
I  marine  shells  are  found  in  some  of  the  overlying  strata 
the  barren  group,  showing  a  continuance  of  marine  condi- 
is  for  a  considerable  period. 
>ome  three  miles  below  the  Falls,  the  northwest  dip  continu- 

without  change,  a  new  series  of  rocks  make  their  appear- 
e.  This  is  the  New  River  system  of  coals,  which,  for  the 
e  of  distinction,  we  may  call  the  Conglomerate  series. 
\.s  has  been  stated  at  the  commencement  of  this  article,  the 
iglomerate  series  is  introduced  by  a  massive  white  sandstone, 
is  differs  strikingly  from  the  overlying  strata.  It  is  a  white, 
hly  siliceous,  coarse-grained  sandstone,  often  conglomeritic 
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in  texture.  It  is  easily  distinguished  also  by  its  massive  bed- 
ding and  resistance  to  erosion.  As  we  ascend  New  River  from 
the  Falls,  this  rock  ascends  in  the  hills  with  about  the  same  dip 
as  the  Lower  Coal  strata.  At  Boyer's  Ferry  or  Sewell  Station, 
near  Big  Sewell  Mountain,  it  attains  its  maximum  height  of 
900^  This  point  is  more  than  thirty  miles  above  the  FfJb,  and 
long  before  reaching  it  this  stratum  would  have  been  carried 
above  the  plane  of  erosion,  but  for  the  occurrence  of  flat  anti- 
clinals,  which  occasionally  bring  down  the  strata  to  a  certain 
extent  These  anticlinab  also  keep  below  the  plane  of  erosion 
the  Lower  Coals,  and  cause  them  to  occupy  entirely  an  expanse 
of  more  than  thirty  miles  of  country  between  Charleston  and 
the  Falls.  Prof  inogers  determined  two  such  in  the  Kanawha 
region.  At  Sewell  Station  the  massive  sandstone  still  bears  on 
its  back  the  Lower  Coal  rocks,  but  they  are  greatly  eroded, 
and  show  only  two,  or  at  most  three,  beds  of  coal. 

As  before  stated,  the  rise  of  the  white  sandstone  discloses 
underneath  a  great  series  of  strata  which  conform  to  it  in  dip, 
and  contain  several  important  beds  of  coal.  These  strata, 
mainly  sandstones,  are  unlike  the  massive  upper  led^  and 
resem  Die  strongly  the  rocks  of  the  Lower  Coal  series.  Thev  are 
argillaceous,  and  contain  a  considerable  amount  of  oxide  of 
iron.  This  causes  them  to  be  comparatively  thin-bedded,  and 
to  assume  a  dull  brown  color  on  weathering.  This  system  is 
best  disclosed  at  Sewell  Station,  where  a  section  of  more  than 
900'  may  be  seen. 

Between  the  Falk  and  this  station.  New  River  flows  in  a  deep 
gorge,  which  deepens  as  we  ascend  the  stream.  This  cafion  is 
produced  entirely  by  the  presence  of  the  massive  sandstone  in 
the  hills,  and  its  depth  depends  on  the  height  to  which  this 
rock  rises.  So  soon  as  the  channel  had  attained  some  depth  in 
this  stratum,  the  stream  would  be  confined  within  unyielding 
walls,  and  compelled  to  exert  its  entire  erosive  power  within 
narrow  limits.  No  amount  of  rainfall  entering  from  the  sides 
could  destroy  the  perpendicularity  of  the  bankk  The  massive 
sandstone  also  protected  the  weaker  formations  beneath  it,  and 
at  the  same  time  prevented  the  more  fragile  strata  of  the  Lower 
Coals  above  it  from  being  entirely  swept  away.  In  consequence 
of  these  conditions,  the  massive  rock  determines  the  general 
plane  of  the  country,  the  relief  features  of  which,  in  the  New 
lliver  region  of  West  Virginia,  are  carved  out  of  the  Lower 
Coal  rocks.  With  reference  to  the  level  of  the  river,  this  plane 
of  the  country  descends  from  a  point  east  of  Big  Sewell  as  we 
pass  down  stream,  until  at  the  mouth  of  New  Kiver  the  two 
coincide,  when  the  massive  ledge  sinks  to  the  water  level  and 
begins  to  disappear.  Here,  of  course,  the  cafion  features  are 
lost 
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ice,  anywhere  in  the  gorge  of  the  river,  the  following 
raphical  features  are  presented :  After  climbing  the  pre- 
iis  walls  which  closely  hedge  in  the  river,  and  which  are 
)sed  of  the  Conglomerate  series,  one  is  surprised  to  find, 
^mounting  the  topmost  rim,  that  he  has  only  attained  the 
il  level  of  the  country.  The  river  is  flowmc  far  below 
while  around  him,  and  in  the  distance,  rise  somy  rounded 
plainly  showing  that  he  has  passed  into  a  series  of  rocks 
nysical  character  very  difiTerent  from  those  he  has  just 
jhind. 

5  section  exposed  at  Sewell  Station  does  not  reach  to  the 
»f  the  Conglomerate  series,  for  its  lowest  strata  make  their 
ppearance  some  distance  to  the  east  of  this  point  The 
'ing  is  a  general  description  of  the  strata  here  exposed. 
3west  rock  visible,  a  short  distance  east  of  the  station,  is  a 
ih  shada  Over  this  lie  some  150'  of  a  very  argillaceous 
bone,  gray  when  fresh,  but  weathering  reddish-brown. 
(  rocks  are  very  flaggy  at  their  base,  showing  innumerable 
8d  less  than  1''  in  thickness.  They  are  less  argillaceous 
ihicker-bedded  toward  the  top.  The-  strata  overlying 
for  some  200'  I  could  not  examine  in  detail,  since  they 
)t  well  exposed.  They  are  almost  entirely  sandstones, 
in  color,  and  less  argillaceous  than  those  below.  Two 
)eds  of  shale,  quite  fine  in  texture,  are  partially  disclosed. 
9  black  and  quite  bituminous ;  the  other,  overlying  it,  is 
Higher  up,  the  sandstones  again  become  quite  argil- 
is,  and  very  flaggy.  In  this  portion  the  more  important 
I  of  coal  occur.  These,  again,  lose  their  argillaceous 
cter,  and  pass  into  the  massive  ledge  which  forms  the 
g  feature  in  the  series.  The  coals  all  occur  toward  the 
e  and  top  of  the  series. 

[To  be  continued.] 


XLIL — Contributions  from  the  Sheffield  Laboratory  of  Yale 
fe.  No.  XXVIII. — On  the  Use  of  Potassium  Dichromate 
timaie  Organic  Analysis;  by  S.  W.  JOHNSON. 

MBUSTION  of  organic  bodies  by  aid  of  cupric  oxide  and  a 
n  of  oxygen  gas,  or  by  the  latter  alone,  as  in  Warren's 
3d,  leaves  little  to  be  desired  when  a  series  of  analyses  are 
5  executed  of  substances  free  from  alkali  or  alkali-earth- 
s.  For  occasional  use,  or  for  bodies  containing  the  metals 
lamed,  recourse  is  most  conveniently  had  to  lead  chromate, 
•  alone  or  with  admixture  of  potassium  dichromate  as 
g  suggested.     The  preparation  of  lead  chromate  in  a  &ta.tA 
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of  purity  and  fine  pulverization  is,  however,  veiy  tedious  and 
laborious.  I  find  that  potassium  dicbromate  mixed  in  suitable 
proportion  with  some  mfusible  and  indifferent  body  may  bo 
substituted  for  lead  cbromate,  without  detriment  to  the  resolt^ 
and  with  decided  advantage  in  regard  to  cheapness  and  con- 
venience. 

My  friend  Mr.  G-eo.  W.  Hawes,  on  my  suggestion,  has  made 
the  experiments  described  below,  and  I  take  this  oocasion  to 
express  my  thanks  to  him  for  the  care  and  skill  with  which  he 
has  worked  out  the  resulta 

Potassium  dichromate  has  nearly  all  the  propcotieB  needfnl 
for  an  oxidant  in  organic  analysis.  It  is  found  in  oonmieroe 
in  a  state  of  tolerable  purity,  and  is  readily  and  perfectly  freed 
from  objectionable  admixtures  by  recrystallisation  and  fuskm 
at  a  low  red  heat  After  fusion,  it  may  be  reduced  to  a  moder 
ately ,  but  sufficiently  fine  powder  with  the  greatest  ease.  When 
heated  to  bright  redness,  it  gives  off  oxygen  ga&  Its  onlv  im- 
perfection lies  in  its  fluidity  at  the  temperature  suitable  for 
combustion. 

Ordinary  kaolin,  or  fire  clay,  is  perhaps  generally  the  cheapest 
material  for  diluting  the  potassium  dichromate.  The  day  used 
in  these  experiments  was  nearly  white  and  verv  fine,  and  ¥raB 
procured  at  a  stove  store  in  New  Haven.  Clay  irom  the  labora- 
tory stock  was  found  useless  from  containing  anthracite  dust, 
it  having  been  kept  for  a  long  time  poorly  covered  in  our 
furnace  room. 

The  clean  sifted  clay,  placed  in  a  crucible,  was  first  strongly 
ignited  for  half  an  hour  in  a  charcoal  fira  It  was  then  mixed 
intimately  with  about  eight  per  cent  of  commercial  potassium 
dichromate,  by  evaporating  upon  it  a  solution  of  the  salt  to  dry- 
ness. This  mixture  was  ignited  for  an  hour  in  a  clean  covered 
crucibla  This  preliminary  treatment  was  intended  to  remove 
all  hydrogen  and  carbon  from  the  clay.  Doubtless  the  first 
ignition  might  be  dispensed  with.  The  prepared  clay  was 
put  while  hot  into  clean  well  stopped  bottles. 

A  quantity  of  potassium  dichromate  was  recrystallized,  fused, 
pulverized,  and  also  bottled  while  hot 

A  series  of  mixtures  were  next  made  of  the  prepared  clay 
and  dichromate,  and  exposed  to  the  heat  of  an  Erlenmeyer  gas 
furnace,  in  order  to  ascertain  what  proportions  would  yield  a 
mixture  that  should  contain  as  much  dichromate  as  possible, 
and  yet  not  flow  or  otherwise  disturb  the  process  of  combus- 
tion. 

It  was  found  that,  with  the  kaolin  employed,  a  mixture  con- 
taining forty  per  cent  of  the  dichromate  was  entirely  suitable 
for  the  analyses  of  substances  whose  combustion  presents  no 
special  difficulty.      With  thirty  per  cent  of  dichromate,  the 
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ignited  mass  was  highly  porous  after  cooliDg ;  but  with  forty 

Ser  cent  it  was  quite  solid  when  cold.  With  fifty  per  cent  of 
icbromatc,  the  mixture  fairly  fused  to  a  pasty  mass.  With 
sixty  per  cent,  it  fused,  and  although  it  was  not  fluid  enough 
to  run,  it  effervesced  strongly,  and  here  and  there  closed  the 
tube,  but  finally  fused  down,  leaving  a  channel.     With  seventy 

Ser  cent  of  diehromate,  the  ignited  mass  was  thin  enough  to 
ow  in  the  tube. 

It  thus  appeared  that  a  mixture  of  three  parts  of  prepared 
kaolin  with  two  parts  of  fused  and  pulverized  potassium 
diehromate  has  all  the  qualities  adapted  for  ordinary  combus- 
tions; and  this  we  have  employed  in  most  cases.  Onlv  in 
combustions  of  graphite  has  the  proportion  of  diehromate  been 
increased  to  fifty-five  per  cent 

This  mixture  is  more  hygroscopic  than  fused  and  pulverized 
lead  chromate,  as  might  be  anticipated  from  its  greater  fineness 
and  porosity.  Twenty  ^ms  of  it  exposed  to  rather  dry  air  of 
66®  Fah.,  side  by  side  with  twenty-five  grams  of  lead  chromate, 
gained  in  three  minutes,  nothing,  in  five  minutes  ^%  nigr.,  in  ten 
minutes  i  m^.,  in  thirty  minutes  f\  m^.,  in  one  hour  1  mgr., 
and  remainea  thereafter  unchanged  dunng  twenty-four  hours ; 
the  lead  chromate  suffered  no  change.  In  a  second  trial, 
twenty  grams  of  the  mixture  of  another  preparation  were  placed 
beside  twenty  grams  of  lead  chromate  under  a  bell  glass,  above 
a  moist  sponge.  After  8J  hours  exposure,  the  mixture  had 
gained  0*045  grams ;  the  lead  chromate  but  0*0045  grams.  The 
absorption  of  moisture  is,  however,  not  rapid  enough  to  seri- 
ously vitiate  the  results  of  analysis,  when  Bunsen's  plan  of 
mixing  in  the  tube  is  adopted. 

The  amount  of  potassium  diehromate  contained  in  the  charge 
of  an  ordinary  combustion  tube  is  fifteen  to  twenty  grams. 
These  c^uantities  are  capable  of  yielding  2*4  to  8*2  grams  of 
oxygen  m  the  combustion  of  an  organic  body,  on  the  supposi- 
tion that  the  chromium  all  remains  as  chromic  oxide.  By  em- 
ploying narrow  tubes,  these  quantities  might  be  safely  reauced 
somewnat  without  detriment,  if,  as  is  probable,  the  silica  of  the 
kaolin  would  prevent  the  formation  of  potassium  carbonate. 

But,  using  the  largest  amount  of  potassium  diehromate,  viz  : 
twenty  grams,  a  kuo.  of  the  commercial  salt,  costing  here 
at  most,  seventy  cents,  serves  for  making  fifty  analyses. 

In  a  preliminary  blank  combustion  with  the  mixture  of  forty 
per  cent  diehromate,  oxygen  gas  was  given  off  continuously  for 
twenty  minutes ;  the  potash  bulb  lost  0*019  grams,  which  was 
compensated  by  the  exactly  equal  gain  of  the  appended  soda- 
lime  and  calcium  chloride  tuba  The  moisture  gained  by  the 
calcium  chloride  next  the  combustion  tube  was  0*0015  grams. 

The  results  of  actual  combustions  are  tabulated  belo^  \ 
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Oahb  buqab.            Equisetum  htkmali.                CAflT  mov.  4  grama. 
0*2822  granu.  , — ^Burned  with-— ^         t ^Burned  witii- 


Burned  with )  Calcu-  Lead  Lead 

iO^mixtare.  )  lated.        40)tmixt.    chromate.      40^mizt    56)tiiiixt    diromfti. 

C  42*12       42-10         41-86         41-92  3-16  3-29     3-25-8-30 

H    6-66         6-43  5-02  6-01 

The  cast  iron  was  from  a  sample  of  fine  borings  that  had  been 
repeatedly  analyzed  with  results  varying  between  8-25  and 
&:S0.  It  contained  both  graphite  and  combined  carbon.  It 
was  first  treated  with  cupric  chloride,  and  the  carbon  was  col- 
lected on  an  asbestus  niter.  The  analysis  yielding  3 '15  per 
cent  was  the  first  attempt  of  Mr.  Hawes  to  estimate  carbon  io 
iron,  and  the  deficiency  may  perhaps  not  be  due  to  the  small 
proportion  of  potassium  dichromate  (forty  per  cent)  in  the  mix- 
ture. In  the  next  analysis,  the  carbon  was  rubbed  up  with  a 
mixture  containing  fifty-five  per  cent  of  dichromate  ;  but  the 
mortar  was  rinsed  with  the  forty  per  cent  mixtura  The  com- 
bustions usually  occupied  forty-five  minute&  In  one  case, 
aspiration,  lasting  fifteen  minutes,  sufficed  to  displace  all  oxy- 
gen from  the  bulbs ;  the  flow  of  air  (purified  by  streaming  first 
through  a  soda-lime  and  calcium  chloride  tube),  bein^  resumed 
for  an  hour,  occasioned  no  change  in  the  weighed  calcium 
chloride  tube,  nor  in  the  joint  weight  of  the  potash  bulbs  and 
their  appendflge. 

I  believe  these  results  justify  calling  the  attention  of  chemists 
to  the  use  of  the  mixture  I  have  indicated,  as  a  cheap,  con- 
venient and  efficient  substitute  for  all  the  solid  agents  hitherto 
employed  in  this,  branch  of  organic  analysis,  cupnc  oxide  alone 
excepted,  and  that  only  when  used  in  conjunction  with  oxygen 
gas. 


Art.   XLUI. —  On  Helderberg  Rocks  in  New  Hampshire;  by 

C:  H.  Hitchcock. 

The  discoverv  of  Helderberg  fossils  in  New  Hamrahire  was 
announced  as  k)11ow8  in  a  telegram  addressed  to  Dr.  T.  R. 
Crosby,  President  of  the  Dartmouth  Scientific  Association : 
'^Littleton,  N.  H.,  Sept  28,  1870:  No  longer  call  New  Hamp- 
shire Azoic.  Silurian  fossils  discovered  to-day."  The  dispatch 
was  read  the  same  evening  to  the  Association,  at  a  regular 
meeting.  Not  long  afterward,  E.  Billings  of  Montreal  reported 
upon  the  specimens.*  The  corals  appeared  to  be  Fauosiies  ha- 
saUica  and  Zaphrentis,  probably  the  same  with  those  occurring 
near  Lake  Memphremagog  in  Canada.  The  crinoids  were  all 
small.     Mr.  Billings  found  nothing  that  would  localize  the  hori- 

*ThiB  Jour.,  m,  toL  ii,  p.  148. 
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n  more  definitely  than  the  general  term  of  Helderberg.  The 
^I's  Head  locality,  fifty-five  miles  distant  from  Littleton,  in 
inada,  has  furnished  the  characteristic  Atrypa  reticularis  and 
ber  species  of  the  Upper  Helderberg,  enabling  the  Canadian 
ologists  to  represent  upon  their  maps  several  narrow  strips  of 
e  Upper  Helaerbeig  limestone.  And  it  has  been  natural  to 
ppose  that  these  two  terranes  would  prove  to  be  of  the  same 
:e,  particularly  since  there  is  considerable  similarity  between 
e  rocks  enclosing  the  fossils,  at  both  localities. 
An  allied  rock  has  long  been  known  at  Bemardston,  Mass. 
was  first  described  by  my  father  in  the  Massachusetts  Be* 
>rt  of  1888,  with  a  drawing  of  the  crinoidal  stems.  Quite 
cently,  Professor  Dana  has  described  the  locality  and  the  adja- 
nt  strata,*  deducing  important  generalizations  from  his  obser- 
itions.  The  Memp^magog  and  Bemardston  deposits  lie  upon 
e  opposite  sides  of  the  same  fbrmation — the  caiciferous  mica 
hist  group  of  the  Vermont  Report,  and  Upper  Silurian  (sup- 
>sed  Niagara)  of  Sir  W.  E.  Lo^an^s  report — and  separated  by 
distance  of  165  miles.  The  mica  schist  is  probably  an  older 
rmation  than  the  Helderberg,  lying  in  a  trough  of  clay  slates, 
e  .atter  constituting  the  floor  of  the  fossiliferous  beds.  These 
ites  may  be  Lower  Silurian  or  Cambrian,  judging  from  general 
nsiderations.  No  fossils  yet  appear  in  them.  The  calcareous 
hists  carry  a  few  obscure  crinoidal  fragments  at  Derby,  Vt, 
bich  are  of  no  value  in  the  identification  of  strata. 
At  first  sight,  one  would  declare  that  there  is  no  similarity 
itween  the  Littleton  and  Bemardston  rocks.  After  considera- 
e  study  of  both  localities,  I  find  a  few  points  of  resemblance, 
rhaps  as  much  as  we  have  a  right  to  expect  in  synchronous 
posits  more  than  a  hundred  miles  apart  In  our  studies,  we 
ten  look  for  exact  resemblances  in  remote  localities.  Perhaps 
is  better  that  the  connecting  tie  be  discovered  with  difliculty, 
which  case  the  conclusions  may  be  more  surely  established, 
le  surroundings  at  Littleton  are  different  jfrom  those  at  Ber- 
.rdston.  The  series  rests  upon  a  chlorite  rock  f  or  hard  green 
rdro-mica  schists,  close  by  gneiss,  and  a  whitish  soapy  schist 
Littleton.  At  Bemardston,  the  underlying  as  well  as  the 
erlying  rock  is  quartzite,  and  in  the  neighoornood  are  the  mica 
id  staurolite  schists  denominated  in  my  report  as  the  "Cods 
oup.''  Professor  Dana  thinks  it  clear  that  the  Massachusetts 
eldlerberg  and  the  Cods  group,  as  defined  bv  me  in  Reports  or 
169  and  1870,  are,  "  if  correctly  traced  out,"  identical. 
In  order  to  afford  data  for  the  proper  discussion  of  the  ques- 
)n  of  the  age  of  these  Cods  and  Helderberg  strata,  I  propose 

»  This  Jour.,  Ill,  vol.  vi,  p.  339. 

f  The  "  chlorite  rock  "  of  this  paper  may  be  the  same  with  the  diabase  fomid  hj 
ofessor  Dana  near  New  Haven.  I  have  not  had  time  to  review  the  result  of 
edjsis  of  the  feldspar.    It  may  contain  some  lime. 
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to  describe  as  carefully  as  possible  the  details  of  the  distribntion 
of  the  Helderberg  rocKS  in  Littleton  and  the  surrounding  towns. 
We  must,  however,  first  describe  a  small  geological  map  of  the 
Ammonoosuc  region. 

The  following  are  the  groups  of  strata  indicated  upon  the 
map,  in  the  supposed  order  of  their  age:  1,  Porphyritic  meiss; 
2,  Bethlehem  gneiss ;  S,  G-neiss ;  4,  Lisbon  group ;  6,  Lyman 
group ;  6,  Clay  slate ;  7,  Ooos  group ;  8,  Swift  Water  series ;  9, 
Helderberg  rocks. 

These  designations  represent  distinct  formations.  Li  some 
cases  a  lithological  name  is  used  for  convenience,  chiefly  that 
the  attention  of  geologists  may  not  be  diverted  by  a  strange 
terminology.  It  is  not  pretended  that  every  layer  of  the  por- 
phyritic  gneiss  or  cla^  slate  is  uniformly  and  absolutely  porphy- 
ritic  or  a  distinct  argillaceous  slate ;  but  that  these  terms  repre- 
sent great  thicknesses  of  associated  strata,  characterized  by  the 
Eredominance  of  the  lithological  varieties  mentioned.  Other 
inds  of  rock  are  associated  with  them,  the  two  series  forming 
two  great  systems,  formed  in  two  distinct  periods.  The  use  of 
geographical  names  for  the  other  ^ups  of  strata  will  prevent 
any  geologist  from  misunderstanding  what  is  meant  to  be  sig- 
nined.  The  map  assumes  that  this  area  is  occupied  by  eight  or 
nine  entirely  distinct  systems  of  strata. 

Three  new  geographical  designations  appear  on  this  map  for 
the  first  time,  viz.,  Lisbon,  Lyman  ana  Swift  Water.  The 
terms  Bethlehem  and  Coos  have  been  defined  in  my  New 
Hampshire  Annual  Reports.  The  Lisbon  and  Lyman  groups 
are  the  two  main  divisions  of  what  in  my  last  report  is  termed 
Huronian,  At  first  I  called  it  the  Metamorphic  Quebec  group, 
after  Logan.*  Recent  papers  by  Credner,  Macfarlane  and  Hunt 
have  recalled  to  my  mind  a  conversation  with  Prol  H.  D. 
Rogers  in  1868,  and  the  statement  of  his  Pennsylvania  Re- 
port concerning  the  southward  extension  of  these  rocks  into 
the  Middle  States.  He  then  expressed  the  belief  that  the  semi- 
Azoic  groups  of  Pennsylvania,  etc.,  were  equivalent  to  the 
rocks  recently  denominated  Huronian  by  Logan.  Inasmuch  as 
his  opinion  concerning  the  same  rocks  in  New  England  cannot 
stand,  and  the  "  semi-Azoic  "  strata  seem  to  be  of  the  same  age, 
from  Quebec  to  Georgia,  it  may  be  proper  to  use  the  name 
Huronian  for  them  throughout,  in  consequence  of  his  sugges- 
tion, which  was  stated  also  in  his  Pennsylvania  Report  It  will 
be  observed  that  the  Huronian  of  New  Hampshire  is  a  two-fold 
series.  There  is  a  third  member  which  in  my  forthcoming 
report  will  be  distinguished  from  the  Lyman  group,  viz:  the 
auriferous  conglomerate.  This  triple  division  does  not  seem  to 
correspond  exactly  with   the  Levis,  Lauzon   and  Sillery  of 

*  First  and  Seoond  New  Hampshire  Reports. 
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Logan.  That  caD  be  found  in  the  Huronian  area  flanking  the 
Green  Mountain  range  in  Vermont,  and  possibly  in  the  for^ 
country  about  Connecticut  Laka  The  Swift-  Water  series  is 
more  nearly  related  to  the  Helderbers. 

1.  Parphyritic  gneiss  or  granite. — This  occurs  at  the  comers 
of  the  towns  of  Littleton,  Whitefield,  Bethlehem  and  Dalton, 
forming  an  oval-shaped  isolated  area  of  about  four  square  miles 
in  extent  The  Ammonoosuc  Biver  flows  along  its  eastern 
border,  and  there  is  a  large  hill  in  the  western  or  central  part, 
about  600  feet  above  the  river.  This  area  is  the  most  northern 
exposure  of  the  porphyritic  gneiss  in  the  State.  It  is  supposed 
to  be  connected  witn  the  great  La&yette-Moosilauk  range  be- 
neath the  overlying  Bethlehem  group,  and  to  be  the  oldest  for- 
mation in  New  Hampshire.  If  compared  with  ancient  systems 
of  gneissic  rocks  elsewhere,  it  would  agree  best  with  certain 
portions  of  the  Laurentian  in  New  York  and  Canada. 

2.  Bethlehem  gneiss. — As  signified  by  the  name,  this  formation 
is  best  developed  in  Bethlehem.  It  lies  in  a  nearly  east  and 
west  direction,  disturbing  the  continuity  of  the  newer  systems, 
which  usually  trend  northeasterly  in  its  neighborhood.  The 
disturbances  may  be  seen  in  tracing  the  Cods  and  Helderberg 
groups  from  Lisbon  into  Littleton.  The  prevailing  rock  is 
very  granitic  in  aspect,  and  often  carries  a  hydro-mica  in  place 
of  the  common  mica  of  gneiss.  The  feldspar  is  usually  of  a 
reddish  cast  Two  or  three  other  areas  of  tne  same  age  occur 
in  the  valley  of  Connecticut  River,  in  Haverhill,  Lyme,  Orford, 
Hanover  and  Lebanon. 

3.  Ghneiss. — This  designation  applies  to  a  rock  somewhat 
allied  to  No.  2,  bounded  by  No.  1  on  the  north,  and  separated 
from  the  Cods  group  by  No.  2.  The  valley  of  Littleton  village 
seems  to  have  been  excavated  mainly  out  of  this  area,  and  the 
absence  of  ledges  in  the  lower  ground  makes  it  difficult  to  un- 
derstand its  precise  limits.  The  rock  bordering  No.  2  may  be- 
long to  this  group,  it  being  a  mica  schist  slightly  feldspathic, 
and  abundant  in  the  more  southern  areas  of  the  Bethlehem  for- 
mation. Mann's  and  Oak  Hills  in  Littleton  are  the  best  expo- 
sures of  this  gneiss.  It  seems  also  to  be  distinct  from  the 
"  White  Mountain  series  "  of  my  reports. 

4.  Lisbon  Oroup, — The  best  part  of  Littleton,  much  of  Mun- 
roe,  and  portions  of  Lisbon  and  Lyman  are  underlaid  by  a 
series  of  greenish  rocks  consisting  of  conglomerate,  hydro-mica 
and  cupriferous  schists,  quartzites  and  dolomites,  estimated  at 
4295  feet  in  thickness.  A  section  roughly  measured  across  the 
members,  in  the  south  part  of  Lisbon  (see  fig.  10),  gave  the  fol- 
lowing order  and  thickness :  first,  hydro-micaceous  conglomer- 
ates, 756  feet;  second,  hydro-mica  schists  with  cupriferous  layers, 
.8589  feet.     The  upper  division  often  carries  a  nodular  mass  of 
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nearly  white  quartz,  fix)m  60  to  150  feet  thick.  This  estimate 
came  fix)m  measurements  on  the  county  map  for  the  hypothe- 
nuse,  and  the  average  dips  aiSbrded  data  for  the  two  acute  an- 
gles of  the  triangla  The  results  underestimate  rather  than 
exa^erate.  Another  member,  seeming  to  lie  at  the  summit  of 
the  Lisbon  group,  but  not  occurring  on  this  section,  resembles 
diabase.  This  is  found  sparingly  in  the  very  southeast  corner 
of  Lyman,  adjoining  the  southeni  gneissic  area  in  North  Lisbon, 
and  moce  abundantly  directly  in  contact  with  the  Helderberg 
group  in  Littleton.  Indeed  rrofessor  Dana  thinks  it  may  be  a 
memoer  of  the  fossiliferous  series.*  In  Lancaster  this  member 
has  its  maximum  development,  and  I  have  formerly  mistaken 
it  for  gneiss,  because  of  the  great  amount  of  feldspar  present 
The  range  of  it  at  North  Lisbon  will  prove  specially  interesting. 
This  group  probably  crops  out  in  the  south  part  of  Littleton. 
Before  my  last  observations,  I  had  supposed  tne  connection  be- 
tween the  chlorite  rock  of  Littleton  and  the  Lisbon  develop- 
ment was  well  established,  but  the  great  abundance  of  gravel, 
sand  and  loam  renders  it  difficult  to  discover  any  connection 
at  the  surface.  But  no  doubt  can  prevent  the  belief  of  the 
direct  continuation  of  the  Lisbon  group  into  Bath,  Wells  River 
village  and  Newbury,  Vermont,  and  so  on  down  the  Connecticut 
to  Gbarlestown. 

The  western  range  is  more  extensive.  It  abounds  in  copper 
schists  along  Gardner's  Mountain,  between  Lyman  and  Monroe ; 
but  it  is  not  necessarv  to  describe  the  western  range  in  this 
communication. 

5.  Lyman  Group. — The  prevailing  rock  of  this  series  is  a 
drab,  soapy  quartzite,  weathering  nearly  white.  Parts  of  it  are 
conglomeratic,  the  pebbles  being  essentially  the  same  with  the 
rock  itself.  The  pebbles  have  generally  been  flattened  and  elon- 
gated by  pressure.  Professor  C.  A.  Seely's  analysis  of  this 
rock  shows  silica  82*98,  peroxide  of  iron  6*85,  alumina  5*99, 
magnesiaO'S6,  alkalies  15*62=101*80.  The otherdivision ofthis 
group  is  a  conglomerate  of  pure  quartz  pebbles,  rarely  distorted 
by  pressure,  with  a  micaceous  cement,  some  pyrrhotite,  and 
golfl  to  the  amount  of  eighty  cents  to  two  dollars  to  the  ton  of 
rock.  This  member  is  not  usually  above  one  hundred  feet  in 
thickness,  but  is  very  conspicuous  because  it  resists  decompo- 
sition. I  have  spent  much  time  in  tracing  out  its  curves, 
breaks  and  throws,  so  as  to  illustrate  the  forces  that  have 
operated  to  derange  the  New  Hampshire  formations. 

Along  the  Lisbon  section,  the  whitish  quartzite  has  a  thick- 
ness of  only  200  feet,  because  of  a  down-throw.  When  the 
whole  thickness  is  present,  it  must  amount  to  2,880  feet,  and 
that  after  allowing  for  a  possible  fold. 

•  This  Jour.,  Ill,  vol.  vi,  p.  360. 
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6.  Clay  slate. — ^This  is  the  auriferous  slate  of  Lyman  and  Bath. 
A  study  of  its  structure  over  the  area  of  a  map  shows  it  to  be 
normally  synclinal,  and  resting  u{)on  the  Lyman  group  chiefly. 
This  structure  is  best  recognized  in  Bath.  On  passing  norio* 
erly,  the  basin  is  broken  up  into  fragments  by  the  rising  up  of 
the  uneven  floor,  the  segments  indicating  irr^ularly  the  syn- 
clinal. But,  after  reachmg  the  neighborhood  of  the  Dodge 
gold  mine,  the  strata  are  monoclinal,  and  continue  thus  till  they 
disappear  beneath  the  Helderberg.  The  case  is  analogous  to 
those  in  Berkshire  County,  Mass.,  described  recently  by  Pro- 
fessor Dana.*  Analysis  of  this  slate  in  Lyman  gave  Professor 
Seely  silica.  Silica  72*98,  peroxide  of  iron  6*85,  alumina, 
6-99,  magnesia  '36,  potash  5-61,  soda  9-92  =  101-2L  Thus 
this  slate  resembles  the  common  schist  of  the  Lyman  series. 
Possibly  it  was  derived  from  the  decomposition  of  the  latter. 

The  synclinal  form  of  these  slates  confirms  the  general  theory 
of  structure  in  this  neighborhood,  already  presented.  For,  if 
this  area  is  a  basin,  it  must  lie  upon  older  strata ;  and,  if  both 
sides  of  the  slate  are  flanked  by  a  similar  succession  of  strata, 
the  latter  must  be  relatively  older.  In  fact,  this  slate  is  flanked 
first  by  the  Lyman  schist,  and  that  in  turn  by  the  Lisbon  group. 
On  the  southeast,  the  latter  joins  on  to  the  Co(>s  series,  and  on 
the  west  it  comes  in  contact  with  the  same  slate,  in  both  cases 
newer  rocks ;  but  ultimately  gneiss  is  found  after  one  or  more 
inferior  undulations.  The  slate  range  on  the  west  is  supposed 
to  extend  to  Bernardston,  Mass.,  on  West  Mountain.  On  one 
section  it  has  a  thickness  of  1500  feet,  with  a  maximum  of  1800. 
It  carries  auriferous  veins  of  quartz,  which  have  yielded  from 
$18  to  $25  of  gold  to  the  ton  of  rock,  when  milled.  These 
slates  resemble  the  auriferous  rocks  of  Nova  Scotia,  which  Mr. 
A.  R  C.  Selwyn,  geologist  to  the  Dominion  of  Canada,  ranks 
with  the  Lingula  flags  of  Great  Britain. 

7.  Coos  Group, — This  consists  of  quartzites,  mica  schist,  both 
with  and  without  staurolite,  argillaceous  schist,  clay  slates  with 
garnets  and  obscure  mica,  possibly  phyllite,  calcareous  mica 
schist,  hornblende  rooks  and  various  sandstones.  My  third 
New  Hampshire  report  gives  four  sections  across  this  group,  in 
Lisbon,  Orford,  Lyme  and  Hanover,  with  an  average  thickness 
of  about  10,0()0  feet.  Subsequent  investigations  modify  all 
our  published  statements  respecting  this  group.  The  limestone 
and  gneiss  of  the  sections  must  be  eliminated;  the  proof  of 
this  is  very  evident.  The  gneiss  in  Hanover  underlies  the 
same  succession  of  quartzite,  staurolite,  mica  schist  and  horn- 
blende rock  in  two  or  three  localities  along  the  same  section 
line,  and  thus  all  the  rocks  are  repetitions  instead  of  one  un- 
broken series.     In  Haverhill,  the  gneiss  with  limestone  under- 

*  This  Journal,  III,  vol  y,  p.  90. 
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lies  the  supposed  Cods  quartzite,  with  a  strike  diflfering  from 
that  of  the  latter  as  mucD  as  thirty  or  forty  degrees.  I  do  not 
find  any  r^ular  gneiss  in  the  Cfoos  group  anywhere  in  the 
State.  It  is  a  curious  fact  also  that  there  are  extensive  ranges 
of  what  seems  to  be  the  Ooos  quartzite  resting  unconformably 
upon  the  gneiss,  without  any  connection  with  mica  or  horn- 
blende schist  They  must  continue  to  be  ranked  as  Coos  till 
we  haye  evidence  to  the  contrary.  The  Cods  group  may  also 
embrace  the  "calciferous  mica  schist"  of  Vermont  The  orig- 
inal definition  of  this  group  expressly  excluded  the  latter  rocK. 
Further  study  will  be  required  to  make  thi^  position  a  sure  ona 

Errors  have  arisen  in  consequence  of  confounding  the  Cods 
group  with  the  White  Mountain  seriea  Dr.  T.  Sterry  Hunt 
has  included  these  two  series  in  one,  which  is  stated  to  be 
pre-Cambrian,  with  the  name  of  Afontalban.  Originally  he 
grouped  them  under  the  provisional  name  of  Terranovan,  and 
presented  considerations  leading  to  the  belief  that  they  might  lie 
near  the  horizon  of  the  Potsdam.  As  already  shown  elsewhere, 
it  is  better  to  separate  the  Cods  and  White  Mountain  series, 
though  both  abound  in  the  related  silicates,  staurolite  and  an- 
dalusite.  The  latter  may  be  pre-Cambrian,  but  the  former  can- 
not well  be  older  than  Camorian ;  and  Professor  Dana  thinks 
the  Bernardston  region  proves  all  the  Cods  rocks  to  be  of  Hel- 
derberg age. 

In  consequence  of  Dr.  HunVs  error  iust  cited,  Prol  Dana  has 
also  misapprehended  the  relations  oi  these  two  systems,  sup- 
posing that  Dr.  Hunt  had  used  the  term  "  White  Mountain 
series '  in  the  same  sense  in  which  I  had  previously  employed 
it,  in  my  1869  report  He  says  :*  "  A  large  part  of  the  rocks 
that  have  been  dfistinguished  as  of  the  **Montalban"  or  White 
Mountain  series  in  New  Hampshire,  and  regarded  of  pre-Silurian 
age,  are  here  included,  and  are  hence  nothing  but  altered  Hel- 
derberg sedimenta'*  He  then  quotes  from  Dr.  Hunt's  Indian- 
apolis address  the  names  of  the  rocks  belonging  to  this  series, 
which  include  both  the  Cods  and  White  Mountain  series.  If  it 
be  granted  that  the  former  of  these  'groups  belongs  to  the 
Helderberg,  it  remains  to  be  proved  that  the  latter  is  even  as 
modem  as  the  Cambrian.  The  White  Mountain  series  does  not 
certainly  enter  the  area  represented  upon  the  map,  and  hence 
any  notice  of  it  here  requires  an  apology.  It  is  mentioned  only 
because  it  has  been  erroneously  associated  with  the  Cods  group. 
The  two  series  are  unlike  in  mineral  character,  thickness  and 
geographical  distribution. 

8.  i:iwi/i  Wai^r  Series. — This  will  be  defined  in  the  next  issue 
of  the  Journal. 

^  This  Journal,  m,  yoL  vi,  p.  348. 
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9.  HeXderherg  Virata, — These  form  the  proper  subject  of  this 
commuDication.  In  brief,  they  are  sandstones,  quartzites,  con- 
glomerates, hornblende  rocks,  amllaceous  schists,  clay  and  cal- 
careous slates,  crinoidal  and  coralline  limestones,  siliceous  lime- 
stones, and  perhaps  other  varieties.  Thev  occupy  three  areas, 
which  may  oe  termed  the  Littleton,  North  Lisbon  and  Lyman 
terranes. 

The  fossils  consist  of  Favosites  basallicOj  Zaphrentis^  Perdor 
merus  Kntghtii,  large  and  small  crinoidal-stem  fragments,  a  gas- 
teropod  and  fucoids.  The  third  is  the  most  important,  since  it 
determines  the  precise  horizon  of  the  limestone.  Samples  of 
all  the  varieties  having  been  sent  to  Mr.  E.  Billings,  ne  has 
written  that  the  brachiopod  is  closely  allied  to  the  Pentamena 
Knightii  of  the  Lower  Helderberg,  while  the  other  fossils  do 
not  as  yet  afford  anything  so  definite  in  regard  to  geological 
equivalency. 

^^  The  fossils  came  last  night  They  are  Favosiies  Gathlanc^ 
a  lar^e  crinoidal  column,  a  Pentamerus  closely  allied  to  if  not 
identical  with  P  Knightii,  and  a  gasteropod.  The  two  first 
prove  nothing.  The  Pentamenis  goes  far  to  show  that  the 
rock  is  about  the  top  of  the  Upper  Silurian — say  Lower  Hel- 
derberg. The  gasteropod  is  just  like  some  that  occur  in  the 
same  horizon.  I  do  not  consider  the  fossils  sufficient  to  decide 
the  age  of  the  rock  very  closely,  but  only  that  it  is  either 
Upper  Silurian  or  Lower  Devonian.  I  have  specimens  of  the 
Bernardston  encrinites  and  will  endeavor  to  determine  whether 
they  are  identical  with  yours  or  not" 

Two  points  of  importance  suggest  themselves  in  this  connec- 
tion. 1.  The  horizon  at  Littleton  is  different  fix)m  the  Helder- 
berg at  Owl's  Head,  Province  of  Quebec,  which  by  the  included 
Atrypa  reticularis  has  been  shown  to  be  the  Upper  Helderberg. 
It  is  hence  most  likely  that  we  have  both  the  Helderberg  lime- 
stones in  New  England,  as  well  as  the  strata  enclosed  by  them 
in  New  York.  2.  If  there  is  a  limit,  the  facts  indicate  that  the 
Bernardston  limestone  is  Lower  Helderberg.  That  locality 
furnishes  only  large  crinoidal  stem  Segments,  which  have  here- 
tofore been  compared  with  the  upper  limestone  in  New  York. 
But  the  Littleton  and  North  Lisbon  localities  furnish  crinoidal 
fragments  having  the  same  dimensions  in  company,  at  the  first 
place  named,  with  a  characteristic  fossil  of  the  lower  division. 
The  Bernardston  and  Littleton  localities  occupy  the  same  val- 
ley, and  are  nearer  to  each  other  than  the  lormer  is  to  New 
York.  Hence  from  present  indications  the  Massachusetts  lime- 
stone may  be  regarded  as  Silurian  instead  of  Devonian. 

[To  be  ooDtiiiaed.] 
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Abt.  XLIV. — Babies  Mephitica;  by  Rev.  Hobace  C. 

HovEY,  M.A.* 

My  subject  concerns  alike  medical  science  and  natural  his- 
tory. For  while  proving  the  existence  of  a  new  disease,  some 
singular  facts  will  oe  brought  to  light  about  a  familiar  member 
of  the  American  fauna.  It  is  cruel  to  add  aught  to  the  odium 
already  attached  to  the  common  skunk  {Mephitis  mephitica 
Shaw  ;  M.  chinga  Tiedmann).  But,  clearly,  he  is  as  dangerous 
as  he  is  disagreeabla  In  a  wild  state  he  is  by  no  means  the 
weak,  timid,  harmless  creature  commonly  described  by  natural- 
ists; although  it  is  said  that,  if  disarmed  of  his  weapons  of 
offence  while  young,  he  may  be  safely  domesticated. 

A  peculiar  poison  is  sometimes  contained  in  the  saliva  of 
animals  belonging  to  the  canine  and  feline  families,  the  produc- 
tion of  which,  it  has  been  generally  supposed,  is  limited  to 
them.  Other  animals,  of  the  same  or  of  different  species,  may 
be  inoculated  with  this  virus ;  the  result  being  a  mysterious 
malady,  which  men  have  observed  from  the  days  of  Homer 
and  Aristotle,  but  which  has  never  been  either  cured  or  under- 
stood. This  frightful  disease  has  been  called,  from  its  origin. 
Rabies  caninay  and  from  one  of  its  symptoms,  hydrophobia^ 
Probably  it  is  not  communicable  by  any  species  but  those  with 
which  it  originates.  A  few  instances  have  been  recorded  to 
the  contrary ;  but  they  were  so  imperfectly  observed  as  merely 
to  stimulate  us  to  further  investigation.  It  is  stated  by  the 
best  medical  writers  (e.  g.,  Watson  Gross,  and  AitkenV  as  an 
undeniable  fact,  that  no  instance  is  known  of  hydrophooia  hav- 
ing been  communicated  from  one  human  being  to  another, 
alttiough  many  patients,  in  their  spasms,  have  bitten  their 
attendanta  An  interesting  case,  but  inconclusive,  being  the 
only  one  of  its  kind,  is  reported  by  M.  Guillery,  in  which  an 
aged  man  experienced  spontaneous  hydrophobia.  (Bulletin  of 
Belgian  Acaaemy,  No.  8,  1871.)  In  such  exceptional  instances 
there  may  have  been  previous  inoculation,  unnoticed  or  forgot- 
ten ;  for  the  least  particle  of  this  deadly  poison  will  be  efficient, 
and  vet  it  is  always  tardy  in  its  period  oi  incubation. 

The  facts  now  collated  will  show,  it  is  thought,  one  of  two 
things,  either  that  the  hydrophobic  virus  is  both  generated  and 
communicated  by  some  of  tne  Musielidoe  as  well  as  the  Felidoe 
and  Oanidce  ;  or  else,  that  a  new  disease  has  been  discovered, 
which  generically  resembles  Babies  canina,  while  differing  from 
it  specifically.  My  judgment  favors  the  latter  opinion,  de- 
cidedly, for  reasons  to  be  adduced;  and  accordingly  I  may 
name  this  new  malady,  from  the  animal  in  whose  saliva  it  is 
generated, 
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Rabies  mephitica. 

The  varieties  of  Mephitis  are  notorious  for  the  singular  bat- 
tery with  which  they  are  provided  by  natura  It  consists  of 
two  anal  glands  from  which,  by  the  contraction  of  sub-caudal 
muscles,  an  offensive  fluid  can  be  discharged  in  thread-like 
streams,  with  such  accuracy  of  aim  as  to  strike  any  object 
within  fifteen  feet.     This  secretion  is  either  colorless,  or  of  a 

Sale  yellow  hue.  It  is  phosphorescent  Viewed  from  a  safe 
istance,  its  discharge  looks  like  a  puff  of  steam  or  white 
smoka  Its  odor  is  far  more  persistent  than  that  of  musk.  If 
too  freely  inhaled  it  causes  intense  nausea,  followed  by  distress- 
ing gastric  cramp.  In  minute  doses  it  is  said  to  be  a  valuable 
anti-spasmodic.  If  so,  why  not  experiment  with  it  as  a  cure 
for  hydrophobic  convulsions?  It  is  not  known  what  the  effect 
would  be  of  injecting  this  fluid  beneath  the  skin.  Interesting 
results  might  be  attained  by  any  one  who  was  willing,  in  be- 
half of  science,  to  investigate  further  in  this  inviting  path! 
There  certainly  seems  to  be  some  connection  between  it  and 
the  disease  under  consideration ;  for,  in  every  instance,  the 
rabid  skunk  has  either  exhausted  his  mephitic  battery,  or  else 
has  lost  the  projectile  force  bv  which  it  is  discharged.  Per- 
haps the  secretion  is  only  checked  by  the  feverish  state  of  the 
system.  Possibly  there  may  be  a  causative  connection  between 
this  inactivity  of  the  anal  glands  and  the  generation  of  malig- 
nant virus  in  the  glands  of  the  mouth. 

An  adventure,  while  on  a  summer  tour  amid  the  Rocky 
Mountains,  first  called  my  attention  to  the  novel  class  of  facts 
about  to  be  presented.  Our  camp  was  invaded  by  a  nocturnal 
prowler,  which  proved  to  be  a  large  coal-black  skunk.  Anxious 
to  secure  his  fine  silky  fur  uninjured,  I  attempted  to  kill  him 
with  small  shot,  and  failed.  He  made  characteristic  retaliation ; 
and  then,  rushing  at  me  with  ferocity,  he  seized  the  muzzle  of 
my  gun  between  his  teeth  I  Of  course  the  penalty  was  instant 
death.  An  experienced  hunter  then  startled  us  by  saying  that 
the  bite  of  this  animal  is  invariably  fatal,  and  that  when  in 
perfect  apparent  health  it  is  always  rabid.  He  resented  our 
incredulity  and  confirmed  his  statement  by  several  instances  of 
dogs  and  men  dying  in  convulsions  shortly  after  being  thus 
bitten. 

On  mentioning  this  adventure  to  H.  R  Payne,  M.D.,  who 
had  been  camping  with  miners  near  Cafion  City,  Col.,  he  said 
that  at  night  skunks  would  come  into  their  tent,  making  a 
peculiar  crying  noise,  and  threatening  to  attack  them.  His 
companions,  from  Texas  and  elsewhere,  had  accounts  to  give  of 
fatal  results  following  the  bite  of  this  animal. 

Since  returning  to  Kansas  City,  1  have  had  extensive  corre- 
spondence with  hunters,  taxidermists,  surgeons  and  others,  by 
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which  means  the  particulars  have  been  obtained  of  forty-one 
cases  of  Rabies  mephiiica,  occurring  in  Vii^nia,  Michigan,  Illi- 
nois, Kansas,  Missouri,  Colorado  and  Texas.  All  were  fatal 
except  one ;  that  was  the  case  of  a  fiarmer,  named  Fletcher,  liv- 
ing near  Gainsville,  Texas,  who  was  twice  bitten  bv  M.  ma- 
crouraj  yet  recovered  and  is  living  still.  On  further  inquiry  it 
was  found  that  he  was  aware  of  his  danger,  and  used  prompt 
preventive  treatment  Another  case  was  alleged  to  be  an 
exception  ;  that  of  a  dog  which  was  severely  bitten  in  a  long 
fight  with  a  skunk,  but  whose  wounds  healed  readily  and  with- 
out subseauent  diseasa  It  seems,  however,  that  this  dog  after- 
ward diea  with  mysterious  symptoms  like  those  of  hydro- 
phobia in  some  of  its  less  aggravated  forms. 

Instead  of  burdening  this  article  with  a  mass  of  circumstan- 
tial details,  a  few  cases  only  will  be  given  best  fitted  to  show 
the  peculiarities  of  the  maladv ;  and  .those  are  preferred  that 
are  located  on  the  almost  uninhabited  plains  of  western  Kan- 
sas, because  there  the  mephitic  weasels  would  be  least  liable  to 
be  inoculated  with  canine  virus. 

A  veteran  hunter,  Nathaniel  Douglas,  was  hunting  bulFalo, 
in  June,  1872,  fourteen  miles  north  of  Park's  Fort.  While 
asleep  he  was  bitten  on  the  thumb  by  a  skunk  Fourteen  days 
afterward  singular  sensations  caused  him  to  seek  medical 
advice.  But  it  was  too  late,  and  after  convulsions  lasting  for 
ten  hours  he  died.  This  case  is  reported  by  an  eye-witness, 
Mr.  E.  S.  Love,  of  Wyandotte,  Kansas,  who  also  gives  several 
similar  accounts. 

One  of  the  men  employed  by  H.  P.  Wilson,  Esq.,  of  Hayes 
City,  Elansas,  was  bitten  by  a  skunk  at  night,  while  herding 
cattle  on  the  plains.  About  ten  days  afterward  he  was  seized 
with  delirium  and  fearful  convulsions,  which  followed  each 
other  until  death  brought  relief.  Mr.  Wilson  also  reports  other 
cases,  one  of  which  is  verv  recent  In  the  summer  of  1878,  a 
Swedish  ml  was  bitten  by  a  skunk  while  going  to  a  neighbor's 
house.  As  the  wound  was  slight  and  readily  cured,  the  affair 
was  hardly  thought  worthy  of  remembrance.  But  on  Jan.  24th, 
1874,  the  virus,  which  had  been  latent  for  five  months,  asserted 
its  power.  She  was  seized  with  terrible  paroxysms.  Large 
doses  of  morphine  were  administered,  which  ended  both  her 
agony  and  her  life. 

In  October,  1871,  a  hunter  on  Walnut  Creek,  Kansas,  was 
awakened  by  having  his  left  ear  bitten  by  some  animal.  Seiz- 
ing it  with  his  hand,  he  found  it  to  be  a  skunk,  which  after  a 
struggle  he  killed,  but  not  until  his  hand  was  painfully  punc- 
tured and  lacerated.  He  presented  himself  for  treatment  to 
Dr.  J.  BL  Janeway,  army  surgeon  at  Fort  Hayes,  from  whom  I 
have  the  foicta     The  wounds  in  the  hands  were  cauterized, 
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much  to  the  man's  disgust,  who  thoueht  simple  dressing  suffi- 
cient He  refused  to  have  the  wound  in  the  ear  touched,  and 
went  to  Port  Harker  to  consult  Dr.  R  C.  Brewer.  Twelve 
days  afterward  the  latter  reported  that  his  patient  had  died 
with  hydrophobic  symotoma 

Another  nunter,  in  the  fall  of  1872,  applied  to  Dr.  Janeway 
to  be  treated  for  a  bite  through  one  of  the  al»  of  the  nose. 
He  had  been  attacked  by  a  skunk,  while  in  camp  on  the  Smoky 
Biver,  two  nights  previoua  He  had  been  imbibing  stimulants 
freely  and  was  hignly  excited  and  nervous.  A  stick  of  nitrate 
of  silver  was  passed  through  the  wound  sereral  timesL  He  was 
kept  under  treatment  for  two  days,  when  he  left  to  have  a 
'^  madstone^'  applied.  He  afterward  went  home  to  his  ranch, 
and  died  in  convulsions  twenty-one  days  from  the  time  he  was 
inoculated. 

I  give  but  one  more  of  the  cases  reported  to  me  by  Dr.  Jane- 
way.  In  October,  1871,  he  was  called  to  see  a  young  man  liv- 
ing in  a  ^'  dug-out,"  a  few  miles  from  the  fort  He  had  been 
bitten  by  a  skunk,  seventeen  days  previous,  in  the  little  finger 
of  the  left  hand.  His  face  was  nushed,  and  he  complained 
that  his  throat  seemed  to  be  turning  into  bone.  On  nearing 
the  sound  of  water  poured  from  a  pail  into  a  tin  cup,  he  went 
into  convulsions,  that  followed  each  other  with  rapidity  and 
violence  for  sixteen  hours,  terminating  in  death.  This  man's 
dog  had  also  been  bitten,  and  it  was  suggested  that  he  had  bet- 
ter be  shut  up.  He  chanced  at  the  time  to  be  in  the  hog-pen, 
and  he  was  confined  in  that  enclosure.  Ere  long  he  began  to 
gnaw  furiously  at  the  rails  and  posts  of  the  pen  and  to  bite  the 
hogs  ;  until  the  bystanders,  convinced  that  he  was  mad,  ended 
the  scene  by  shooting  all  the  animals  in  the  pen. 

It  is  evidently  the  opinion  of  Dr.  Janeway  that  the  malady 

Eroduced  by  mephitic  virus  is  simply  hydrophobia.  Should 
e  be  correct,  then  all  that  is  established  by  these  facts  would 
be  this,  viz  :  that  henceforth  the  varieties  of  Mephitis  must  be 
classed  with  those  animals  that  spontaneously  generate  poison 
in  the  glands  of  the  mouth  and  communicate  it  by  salivary  in- 
oculation. From  this,  as  a  starting-point,  we  might  go  further 
and  seek  a  solution  of  the  whole  mystery  of  hydrophobia  in 
the  theory  that  this  dread  malady  primarily  originates  with  the 
allied  genera  of  Mephitis,  Putorius  and  Mustela,  widely  scat- 
tered over   the    earth;*  being    from  them  transferred  to  the 

*  SiDce  forwarding  this  article  for  publication,  I  have  obtained  an  answer  to  my 
inquiries  made  in  California  through  my  friend,  Dr.  J.  G.  Tidball,  respecting  the 
Mephitis  zarilla.  He  described  it  as  a  very  pretty  little  animal  which  usually 
allows  itself  to  be  killed  without  resistance.  But  he  adds  that  its  bite  is  highly 
dangerous,  causing  a  fatal  disease  like  hydrophobia. 

I  regret  that  he  g^ves  no  particulars  of  actual  cases.  But  his  testimony  is  inter- 
esting, as  it  brings  into  oondemnation  a  species  of  Mephitia  quite  different  fron 
M.  chinga. 
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lae  and  Ganidae  and  other  families  of  animals.     And  then, 

could  be  proved  experimentally  that  the  characteristic 

litic  secretions  contamed  an  antidote  for  the  yiros  of  the 

a,  we  should  have  the  whole  subject  arranged  very  beau- 

am  favored  by  Dr.  M.  M.  Shearer,  surgeon  in  the  6th  U. 
lavalry,  with  notes  from  his  case-book,  of  four  cases  in 
;h  persons  have  died  from  the  bite  of  the  skunk ;  and  he 
mentions  additional  instances  reported  to  him  by  other  ob- 
3rs.  He  thinks  there  is  a  marked  difference  between  tlje 
ptoms  of  their  malady  and  those  of  hydrophobia.     I  shall 

to  his  testimony  again,  but  pause  for  a  moment  to  notice 
inal  conclusions,  from  which,  original  and  interesting  as 

are,  I  must  dissent  He  says :  "  1  regard  this  virus  as  be- 
\a  peculiar  to  the  skunk  as  the  venom  of  the  rattlesnake  is 
lat  creature ;  and  not  an  occasional  outbreak  of  disease  as 
aestus  veneris  of  the  wolf  or  the  rabies  caninaJ^  Singular 
lis  theory  may  seem,  it  is  not  wholly  without  support  It 
markable  that  of  all  the  cases  tl)us  far  reported  to  me  there 
it  one  instance  of  recovery.     It  is  stated  in  Watson's  Physic 

i,  p.  615)  that  of  one  hundred  and  fourteen  bitten  by 
1  wolves  only  sixty -seven  died;  and  of  those  bitten  by 
1  dogs  the  proportion  is  still  less.     But  mephitic  inocula- 

is  sure  death.     Then  again  it  is  to  be  observed  that  the 

peculiarity  noticeable  in  these  biting  skunks  is  the  arrest 
leir  eflluvium.     They  approach  stealthily,  while  their  vic- 

are  asleep,  and  inflict  the  deadly  wound  on  some  minor 
iber — the  thumb,  the  little  finger,  the  lobe  of  the  ear,  one 
le  also  of  the  nose.     How  different  from  the  fierce  assault 

mad  dog  I  How  subtle  and  snake  like !  It  may  be  re- 
ced,  also,  that  dogs  are  generally  as  cautious  and  adroit  in 
(king  these  odious  enemies  as  they  are  in  seizing  venomous 
es.  But  we  must  remember,  on  the  other  hand,  that  thou- 
8  of  skunks  are  killed  annually,  partly  as  pests  and  partly 
bhe  fur  trade ;  and  it  is  incredible  tnat  an  animal  whose 
lary  bite  is  as  venomous  as  that  of  a  rattlesnake,  should  so 
)m  resort  to  that  mode  of  defence,  if  it  be  his. 
le  resulting  disease  resembles  hydrophobia  more  than  it 

the  effects  of  ophidian  venom.  But  here,  as  observed  at 
outset,  the  likeness  is  only  generic,  while  specifically  there 
marked  differences.  These  have  purposely  been  kept  in 
jack-ground  until  now.  And  in  giving  a  dfifferential  diag- 
j,  I  shall  avoid  repetitious  details,  and  combine  facts  gath- 

from  many  sources  with  the  close  and  accurate  observa- 
;  which  Dr.  Shearer  has  put  at  my  disposal 

The  period  of  incubation  is  alike  in  Rabies  canina  and 
es  mephitica.    That  is,  it  is  indefinite,  ranging  from  ten 


482  H.  C.  Bov^—Babia  MephMoeL 

days  to  twelve  months,  with  no  opportani^  memnwfaile  fc^sab- 
seqaent  inoculation.  Bat  daring  the  ineubatiTe  period  of  R 
mephitka.  no  perc^tible  changes  take  place  in  the  oonetitutioD 
as  in  hvdropnobia.  In  only  one  instance  was  there  anosoal 
nervousness,  and  that  might  have  been  due  to  alcohoL  In 
every  case,  where  there  was  time  for  it,  the  wounds  healed  over 
smoothly  and  permanently,  and  in  several  instances  not  even  a 
scar  was  visible.  In  no  case  was  there  recrudesoence  of  the 
wound,  always  seen  in  hydrophobia.  Indeed,  there  were  so 
few  premonitions  of  any  kind  that,  in  most  instances,  the 
attending  physicians  themselves  supposed  the  ailment  to  be 
simple  and  trivial,  until  the  sadden  and  fearful  oonvulsions 
came  on  to  ba£3e  all  their  skilL 

2.  Characteristic  pustules  form,  in  hydrophobia,  beneath  the 
tongue  aAd  near  the  orifices  of  the  sub-maxillary  glands.  (See 
Aitken,  Sci.  and  Pract  Med.,  voL  i,  p.  60S.)  These  were  not 
reported  in  a  single  case  of  It  mephitiooL  i>T.  Shearer  looked 
for  them  carefully  in  all  his  cases,  but  did  not  find  them. 

3.  The  specific  action  of  hydrophobic  virus  affects  the  eighik 
pair  cf  cranial  nerves  and  their  branches,  especially  the  oeso- 
phageal branch,  the  result  being  great  difficulty  in  swallowing; 
and  the  motor  nerve  of  the  lamyx,  causing  sighing,  catching  of 
the  breath,  and  difficulty  in  expelling  the  frothy  mucus  accu- 
mulated in  ttie  throat  These  invariable  accomp^animents  of 
R  canina  are  usually  wanting  in  R.  mephitica  ;  the  exceptions 
being  in  the  case  of  the  Swedish  girl,  who  complained  of  pain 
in  her  chest ;  and  the  young  man,  Dr,  Janewav^s  patient,  whose 
constriction  of  the  throat  was  decided,  as  well  as  his  sensitive- 
ness to  water.  Dr.  Shearer  s  patients  had  no  such  trouble.  A 
taxidermist,  who  has  seen  four  dogs  die  from  R,  mephitica^  in 
Michigan,  says  they  did  not  seem  to  have  any  fear  of  water,  or 
other  signs  which*  he  had  supposed  were  characteristic  of  A 
canina^  Ordinary  hydrophobia,  again,  is  marked  by  constant 
hyperaesthesia  of  the  skin,  so  that  the  slightest  breath  of  air 
will  precipitate  convulsions.  But,  in  /?.  mephiiiea,  &nnin^  the 
face  afforas  relict  and  even  cloths  dipped  in  water  and  laid  on 
the  forehead  were  soothing ! 

4.  In  hydrophobia  the  perceptions  are  intensified,  so  that 
even  the  deaf  are  said  to  have  their  hearing  restored ;  the 
pupils  are  strongly  dilated,  imparting  to  the  eyes  a  wild,  glar- 
ing expression  ;  the  spasms  are  tonic,  i.  e.,  steady  and  continu- 
ous ;  the  pulse  is  feeble ;  and  delirium  is  occasionally  relieved 
by  lucid  intervals.  But  the  symptoms  are  wholly  different  in 
R  mephitica:  there  is  oscillation  of  the  pupil;  tfie  spasms  are 
clonic,  i.  c,  marked  by  rapid  alternate  contraction  and  relaxa- 
tion of  the  muscles ;  small  but  wiry  radial  pulse  and  rapid  car- 
otids;  positive  loss  of  perception  and   volition   throughout, 
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;il  delirium  ends  in  persistent  unconsciousness,  simultane- 
ily  with  cold  perspiration  and  relaxation  of  the  sphincters. 
►.  The  mode  of  death  is  by  asthenia  in  both  forms  of  rabies ; 
;  in  R,  canina  the  frightml  struggles  of  nature  to  eliminate 

poison  are  more  prolonged  than  in  it  mephitica  ;  and  in  the 
«r  they  may,  on  occasion,  be  still  further  abridged  by  the 

of  morphine,  which  has  no  narcotic  effect  upon  the  former, 
n  in  the  largest  doses  and  injected  into  the  veins ! 
'.  have  thus  endeavored  to  describe,  and  also  to  explain, 
se  strange  and  painful  phenomena.  I  must  leave  the  reader 
form  his  own  decision,  only  hoping  that  some  one  may  be 
uced  to  follow  this  pioneer  worK  in  a  new  path,  by  further 
I  more  able  investigations  of  his  own. 

ansas  City,  Mo.,  Fbb.  24th,  1874. 


T.  XLV. — On  the  nature  of  the  action  of  Light  upon  Silver 
Bromide;   by  M.  Carey  Lea,  Philadelphia. 

Vhen  silver  bromide  is  exposed  for  a  moment  to  light,  it 
lergoes  no  visible  change,  but  has  acquired  the  property  of 
sing  to  an  intense  black  when  treated  with  pyrogallic  acid 
[  an  alkali.  pHRUp 

^s  to  the  nature  of  this  black  substance,  there  has  existed 
siderable  diversity  of  opinion.  In  a  paper  published  on  the 
ject  about  a  year  since  by  Captain  Aoney,  F.C.S.,  he  ex- 
ssed  the  opinion  that  it  was  an  oxide  of  silver. 
)ome  years  since,  while  investigating  the  action  of  light 
)n  silver  iodide,  I  succeeded  in  proving  that  the  black  sub- 
ice,  which  is  produced  when  silver  iodide  is  exposed  to  light 
presence  of  silver  nitrate,  contains  iodine,  and  is,  therefore, 
ler  a  sub-iodide  or  an  oxy-iodide.  The  quantity  obtained 
\  too  small  to  enable  me  to  ascertain  which.  When  this 
3k  substance  was  treated  with  nitric  acid,  normal  yellow  sil- 
iodide  was  left  behind,  and  silver  was  found  on  solution, 
have  recently  applied  the  same  treatment  to  the  bromine 
ipound  with  similar  results.  I  find  that  when  silver  bromide 
created  with  pyrogallic  acid  and  alkali  after  exposure  to 
it,  the  black  substance  which  remains  contains  bromine, 
.  is  resolved  by  nitric  acid  into  normal  silver  bromide  (left 
ind  as  a  pale  yellow  film)  and  silver,  which  passes  into 
ition.  It  is  therefore  either  a  sub-bromide  or  an  oxybro- 
le,  not  an  oxide,  probably  the  former, 
^he  existence  of  these  compounds  is  evidently  an  argument 
doubling  the  atomic  weight  of  silver,  as  has  recently  been 
posed  on  other  grounds. 

I.  Jour.  Sol— Third  Sbbim,  Vol.  VII,  No.  41.— Mat,  1874. 
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Abt.  ^XIXL — SoitM  an  some  of  Ac  Fotnls^figwred  m  Ae  reta^f- 
i$trw«l  Fifth  volume  of'  the  lUhkois  Sate  Geological  Report ;  by 


AgastizoarmtiM  Troost :  plate  XTT, — In  lookmg  mt  tbe  species 
of  this  gToap  figured  on  the  plate  cited  mboye.  it  would  seem 
scaiv^lj  possible  that  such  fonns  as  that  represented  by  fi^ 
\2a~o^  Cj  with  a  small,  distinctly  divided  base,  showing  a  well- 
defined  scar  for  the  attachment  of  a  oolamn,  ought  to  be  ranged 
in  the  same  genus  with  such  species  as  A.  datetyl^omus  and  A. 
amicus  (represented  bj  figs;.  7  and  8  of  the  same  plate),  show- 
ing no  traces  of  a  scar  of  attachmenty  and  having  the  base  large, 
and  nearly  or  entirely  without  divisions.  As  important,  how- 
ever, as  such  distinctions  would  naturally  be  supposed,  speci- 
mens have  been  found  that  seem  to  show  that  no  well-grounded 
generic  distinctions  can  be  founded  on  these  differencea  On 
the  contrary,  it  is  highly  probable  that  in  all  cases  the  young 
of  these  species  were  attached  by  a  column,  and  had  the  base 
divided  into  five  parts;  but  that,  as  they  advanced  in  size,  some 
became  free  at  much  earlier  stages  of  growth  than  others,  thus 
causing  the  base  to  enlarge  more  rapicUy  than  the  other  parts, 
and  to  assume  the  character  of  a  single  solid  piece,  witn  the 
scar  of  attachment  entirely  obsolete.  Some  species,  such  as 
those  represented  by  figs.  10  and  12,  may  have  even  remained 
attachea  by  a  slender  column  during  their  whole  life. 

Dr.  Rcemer  proposed  to  found  a  genus  Astylocrinus  for  the 
species  with  an  undivided  base  and  without  a  column ;  the 
specimen  represented  by  our  figure  7a  being  his  typical  form, 
the  original  of  which  belongs  to  Dr.  Shumard^s  collection. 

Fusvlina  gracilis  and  F.  veniricosa  ;  figs.  7  and  8,  plate  XXIV. — 
These  names  were  temporarily  written  on  the  explanations  of 
this  plate,  merely  with  the  view  of  keeping  in  mind  forms  with 
which  it  was  thought  desirable  that  they  should  be  compared 
in  revising  the  text  for  the  press,  and  not  with  any  intention  of 
ultimately  using  them  as  if  the  fossils  were  known  really  to 
belong  to  two  distinct  species.  Thev  are,  on  the  contrary, 
almost  certainly  extreme  varieties  of  tne  common  F.  cyliiidrica 
Fischer.  The  first  does  not  agree  exactly^  in  form,  with  the 
California  specimens  for  which  the  name  F.  gracilis  was  origi- 
nally proposed,  though  it  does  not  difier  very  materially.  Tne 
other  is  smaller,  and  even  more  ventricose  than  the  Kansas 
specimens  named  vcfitricosa,  as  a  mere  variety  of  F.  cylindrical 
and  is  better  entitled  to  rank  as  a  distinct  variety  than  that 
figured  on  the  same  plate  under  the  name  F.  gracilis. 
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Zeacrinus  {Hydreionocrinust)  acanthophorus  M.  and  W. ;  plate 
XXIV,  figs  11a,  6.—  The  specimen  of  this  species,  shown  by  fig. 
11a,  illustrates  the  ventral  extension  so  greatly  developed  in 
this  and  the  allied  groups.  In  this  species  it  is  narrowed  below 
and  dilated  and  truncated  at  the  top,  around  which  it  is  armed 
by  a  row  of  spines  that  extend  out  horizontally.  I  have  long 
been  familiar  with  these  spines,  as  seen  detached  (see  figs.  11^ 
e)  and  scattered  among  the  other  fossils  of  our  Coal-measures ; 
but,  until  the  discovery  of  a  specimen  of  this  species  with  some 
of  them  in  place,  connected  with  the  ventral  extension,  their 
true  position  with  relation  to  the  other  parts  of  the  crinoid  has 
remained  a  mystery.  They  have  often  been  confounded  with 
the  spines  of  Z,  mucrosptnus  of  McChesney  (see  figs.  12a,  6, 
same  plate)  from  which,  nowever,  it  will  be  seen  that  they  differ 
matenaUy  in  the  form  of  the  larger  or  attached  end,  those  of 
Z.mticrosptnua  being  really  modified  and  greatly  produced 
second-radial  pieces  of  the  body ;  while  those  under  consider- 
ation are  similarly  produced  vault  or  ventral  pieces,  having 
no  direct  connection  with  the  radial  series  whatever. 

Since  seeing  the  specimen  illustrated  by  our  figs.  11a,  6,  I 
have,  as  elsewhere  suggested,  ver^  strongly  suspected  that 
the  type  on  which  Dr.  de  Konmck  founded  his  genus 
Hydreionocrinus  may  really  differ  in  no  essential  generic  or 
pubgeneric  characters  fh)m  2!eacrinu8  (Troost)  Hall,  1858.  It 
is  true.  Dr.  de  Eoninck  supposed  that  his  type  was  entirely 
destitute  of  free  arms:  or,  in  other  words,  that  arms  were 
united  ("  soldered  ")  laterally  along  their  entire  length,  so  as 
to  form  a  large,  cylindrical,  upward  extension  as  wide  as  the 
body,  with  its  upper  end  truncated  and  tichtly  covered  over 
by  solid  vault-pieces,  the  outer  row  of  whicn  project  out  hori- 
zontally, as  raaiating,  spine-like  processes,  around  the  top,  pre- 
cisely as  the  spines  are  seen  radiating  from  the  top  of  the 
ventral  prolongation  (see  fig.  116)  of  our  type.  The  great 
difficulty,  however,  of  understanding  how  the  arms  of  a  crinoid 
could  perform  their  natural  functions,  thus  immovably  united 
so  as  to  form  such  a  cylindrical  prolongation,  closely  sealed 
over  above  by  solid  vault-pieces,  certainly  favors  the  conclu- 
sion that  the  part  supposed  by  Dr.  de  Koninck  to  be  thus 
formed,  may  really  oe  the  central  extension  of  a  flattened 
specimen  from  which  the  arms  had  been  accidentally  removed. 

The  species  illustrated  by  our  figures  11a,  6,  has  the  ventral 
part  narrowed  downward ;  but  there  are  several  others  known 
in  this  country  in  which  it  is  as  wide  all  the  way  down,  or  very 
nearly  as  wide,  as  the  body  below ;  and,  if  a  specimen  of  one  of 
these  had  had  its  arms  accidentally  broken  away,  and  its  body 
and  ventral  part  more  or  less  flattened  by  pressure,  it  would 
certainly  present  very  nearly,  if  not  exactly^  the  ^^^^^'a.iwckR^  ^^ 
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Dr.  de  Koninck's  type,  as  illustrated  by  him.  That  is,  the 
removal  of  the  arms  and  the  pressing  inward  of  the  body  and 
radial  pieces  might  rive  the  walls  of  the  ventral  part  the  appear- 
ance or  rising  directly  from  the  top  of  the  radial  series. 

If  this  suggestion  in  r^ard  to  the  apper  parts  of  the  type 
of  Hydreionocrinus  should  prove  true,  as  I  am  very  strongly 
inclined  to  believe  it  will,  that  name  having  priority  of  date 
over  Zeacrinua,  would  have  to  take  pi'ecedence,  as  there  appear 
to  be  no  generic  or  subgeneric  differences  in  the  structure  of 
the  body  of  the  typical  forms  of  these  proposed  groups.  In 
this  case,  all  of  the  American  species,  and  a  few  foreign  forms, 
described  under  the  name  2!eacrtntis^  would  have  to  be  ranged 
under  Hydreionocrinus.* 

Archoeocidaris  t  (sp.  undt) ;  pL  xxiv,  figs.  18a-e. — ^These 
spines  almost  certainly  belong  to  a  species  described  by  Dr. 
Shumard,  in  the  Trans.  St  Louis  Academy  Sci,  voL  i,  p.  228, 
under  the  name  A.  aculeatus.  As  Dr.  Shumard  never  figured 
his  species,  however,  and  we  have  had  no  opportunity  to  com- 
pare our  Illinois  specimens  with  his  types,  it  is  barely  possible 
that  they  may  belong  to  a  distinct  species. 

Septopora  Cestriensia  Prout,  pL  xxiv,  figs.  14a,  6,  c;  and 
Synocladia  virgulacea  var.  bisenalis  Swallow,  figs.  15a,  6,  c,  of 
same  plate. — The  occurrence  of  these  two  names  as  quoted 
above,  in  the  explanations  of  plate  xxiv,  without  any  refer- 
ence to  them  in  tne  text,  might  lead  to  the  conclusion  that  we 
were  intending  to  recognize  the  specimens  figured  as  represent- 
ing two  separate  and  distinct  genera.  On  the  contrary,  how- 
ever, as  would  have  been  fully  explained  if  the  text  of  the 
volume  could  have  been  prepared  as  originally  intended,  the 
figures  were  drawn  mainly  to  show  the  eocact  generic^  and  pos- 
sible specific,  identity  of  the  fossils  on  which  these  names  were 
founded. 

Dr.  Front's  typical  species  of  his  proposed  genus  Septopora^ 
represented  by  our  figures  14a,  6,  c,  cited  above,  was  from  the 
Chester  limestone  of  the  Lower  Carboniferous;  while  Prof 
Swallow's  species,  represented  by  figs.  15a,  6,  c,  came  from  the 
Upper  Coal-measures.  That  they  Sire  generlcally  identical,  how- 
ever, no  one  will  for  a  moment  question  ;  and  few  will  doubt 
that  they  really  belong  to  the  same  species,  as  even  the  slight 
difierences  seen  in  the  mode  of  branching,  as  illustrated  by 
our  figures  14a  and  15a,  are  not  constant;  and  the  apparent 
difference  represented  in  the  dimorphous  pores,  as  seen  in  figs. 
14i  and  16b,  are  due  rather  to   differences   in   the  state  of 

*  I  have  elsewhere  mentioDed  these  apparent  close  relations  between  Bydrem- 
oerinus  and  Zeacrwua^  and  only  call  attention  to  it  again  here  because  I  can  do 
80  in  connection  with  figures  that  seem  to  illustrate  ^ese  relations  more  dewl/ 
than  can  be  done  by  words. 
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preservation  of  the  specimens  than  to  any  natural  distinc- 
tion.* 

In  the  Proceedings  of  the  Philad.  Acad.  Nat  Sci.  for  1870, 
we  published  some  remarks  on  this  subject,  showing  that  Dr. 
Prout  s  proposed  genus  Septopora  agrees  in  all  essential  generic 
characters  with  Pro£  King's  older  genus  Synocladia  ;  and  that 
Prof.  Swallow's  Synocladia  virgulacea  var,  biserialis  is  entirely 
distinct  specifically  from  the  European  S.  virgulacea  Phillips 
(sp.),  but  almost  certainly  identical  specifically  with  the  type 
of  Dr.  Front's  proposed  genus  Septopora^  In  the  Paleontology 
of  Eastern  Nebraska,  plate  vii,  published  in  Dr.  Hayden  s 
Nebraska  Eeport  of  1872,  I  have  also  fully  illustrated  the  well 
defined  specific  diiFerences  between  the  so-called  variety  biseri- 
alis^ and  the  foreign  S,  virgulacea. 

It  is  all  the  more  important  that  the  true  relations  of  the 
American  form  biserialis  to  the  proposed  genus  iSeptopora,  as 
well  as  to  the  real  Synocladia  virgulacea  of  Europe,  should  not 
be  lost  sight  of,  because  its  occurrence  here  in  certain  Ccjal- 
measure  rocks  of  the  West  has  been  appealed  to  as  an  evidence 
that  these  beds  should  be  referred  to  the  Permian  epoch.     The 

fenus  Synocladia,  and  especially  the  species  S.  virgulacea  of 
^hillips,  has  long  been  regarded  as  especially  characteristic  of 
the  Permian ;  consequently,  if  the  American  form  can  be  prop- 
erly referred  to  that  species,  its  abundant  occurrence  here  m 
the  rocks  referred  to  might  very  naturally  be  supposed  to  have 
some  bearing  on  the  question  in  regard  to  their  Carboniferous 
or  Permian  age.  The  fact,  however,  that  we  now  know  this 
form  {biserialis)  to  range,  not  only  through  our  whole  Coal- 
measures,  but  to  be  represented  by  a  type  beyond  all  question 
congeneric,  and  almost  certainly  speci^aZZy  identical,  even  in  the 
upper  members  of  our  Lower  Carboniferous  limestones,  shows 
how  exceedingly  cautious  we  should  be  in  deciding  such  ques- 
tions on  the  evidence  of  a  few  species,  even  before  their  geo- 
logical range  has  been  well  determined  among  our  own  rocks.t 
This,  however,  is  only  one  of  a  number  of  examples  that 
might  be  mentioned,  of  peculiar  types  that  have  until  recently 
been  known  only  from  our  Coal-measures,  which  are  now 
known  to  have  their  closely  allied  representatives  among  the 

^  It  maj  be  well  to  explain  here  that  Dr.  Prout'R  figures  of  his  type,  published 
in  the  Trans.  St.  L.  Acad.  Sci.,  are  far  from  being  as  accurate  as  those  he  published 
of  other  species  of  Poljzoa ;  though  his  description  is  quite  clear  and  satisfactory. 
Our  figs.  14a,  &,  c  were  drawn  from  one  of  his  tjrpical  specimens. 

f  It  should  be  stated  just  here,  that  Dr.  Etheridge  of  London  has  recently  de- 
scribed a  species  of  StpyKladicLj  similar  to  the  bt&eriaUs^  from  the  Lower  Carbonif- 
erous limestone  of  Midlothian.  (See  Ann.  and  Mag.  Nat  Hist.,  voL  zii,  fourth 
series,  p.  189,  pi.  8,  1873.)  He  also  adds  some  remarks  on  the  relations  of  Syno^ 
dadia  King  and  Septopora  Prout,  exactly  sustaining  our  views  on  this  point,  con- 
tained in  l£e  paper  above  alluded  to,  published  in  the  Proceeding  ol  tk<&  ?\!^2k»A., 
Acad.  Nat.  Sci.  in  1870. 
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fossils  of  the  tipper  member  of  the  Lower  Carboniferous  lime- 
stones of  the  same  region.  For  instance,  the  curious  species 
Zeacrinus  acanthophorus  and  Z,  macrospinus  (pL  XXIV,  figs.  Hi 
e,  and  12a,  b),  of  the  Goal-measures,  are  represented  by  Z, 
formosus  and  Z.  armiger  (pL  XXI,  figs.  2c,  d,  and  fig.  8a)  of  the 
Chester  limestone;  while  the  singular  solid-ba^d  K>rms  of 
Agasstzocrinus,  figured  on  pi.  XXI,  from  the  Chester,  are  repre- 
sented by  a  similar  form  from  the  Coal-measures,  as  shown  by 
our  figure  4  of  plate  xxiv. 

Aviculopecten  neglectus  Geinitz ;  pi.  XXVI,  figs.  7a,  ft,  c,  d. — 
This  little  shell  was  originally  described  by  Prot  Oeinitz, 
under  the  name  Pecten  nealectus,  in  his  work  on  the  fossils  from 
the  Coal-measures  of  Nebraska,  its  hinge  characters  bein^  un- 
known to  him.  In  a  review  of  that  work,  and  in  the  Paleon- 
tology of  Eastern  Nebraska,  I  placed  it  provisionally  in  the 
genus  Aviculopecten^  from  general  external  characters,  its  hinge 
being  then  equally  unknown  to  me  ;  though  no  doubts  were 
entertained  in  regard  to  its  being  clearly  distinct  from  the  more 
modem  genus  Pecten,  While  studying  the  Illinois  Coal-meas- 
ure fossils,  some  years  later,  at  Springfield,  Illinois,  I  discovered 
that  it  has  a  very  peculiar  hinge-plate  or  area,  entirely  different 
from  that  of  Aviculopecten ;  or,  m  other  words,  that  it  is  pro- 
vided with  a  comparatively  large,  oblique,  central  cartilage-pit, 
and  a  row  of  smaller  ones  crossing  the  area  at  right  angles,  all 
along,  both  before  and  behind  the  larger,  oblique,  central  pit,  as 
shown  in  our  figure  7c,  cited  above.  Although  intending,  on 
account  of  this  character,  ultimately  to  make  a  very  different 
disposition  of  this  shell  in  the  text,  the  name  Aviculopecten 
neglectus  was  temporarily  written  opposite  its  number  on  the 
explanations  of  the  plate,  merely  to  keep  in  mind,  for  the  time 
being,  its  identity  with  the  Nebraska  shell.  The  text  of  the 
volume,  however,  for  the  reasons  already  explained,  was  not 
revised  and  written  out  as  at  first  intended,  and  consequently 
the  name  Aviculopecten  neglectus  was  printed  in  the  explanations 
of  the  plate  so  originally  written,  and  the  references  in  the  text 
given  accordingly. 

From  the  hinge  characters  of  this  shell,  as  illustrated  by  our 
figures,  it  will  be  at  once  seen  to  differ  widely  from  A  viculopec- 
teUy  and,  at  least  in  this  peculiarity,  to  be  much  more  nearly 
like  Pemopecten  of  Winchell.  After  a  careful  comparison, 
however,  with  that  genus,  I  am  led  to  the  conclusion  that  our 
shell  cannot  be  properly  referred  to  it,  for  the  following  reasons. 
In  the  first  place,  the  decided  obliquity  of  its  large  central  car- 
tilage-pit, together  with  the  coexistence  of  a  series  of  smaller 
true  cartilagepits  along  the  hinge,  like  those  of  Inoceramus,  and 
the  nature  of  its  auricles,  but  more  especially  the  apparent  pris- 
matic structure  of  the  shell,  are  all  characters  pointing  to  close 
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relations  with  the  Atnculidoe,  On  the  contrary,  the  want  of 
even  the  slightest  obliquity  of  either  the  central  cartilage-pit, 
or  of  the  shell  itself,  in  Pemopecten^  as  well  as  the  shortness 
and  equality  of  its  auricles,  without  the  faintest  traces  of  a  bys- 
sal  sinus,  together  with  its  general  physiognomy,  all  indicate 
affinities  to  the  modem  genus  Amtmum,  and  consequently  a 
position  in  the  PeciinidcB.  It  is  true,  the  presence  of  a  row  of 
minute  cartilage-pits  along  the  entire  hinge,  if  they  realty  exist 
in  Pemopecten,  would  be  an  anomalous  feature  in  the  Pectinidoe  ; 
but  I  very  strongly  suspect  that  what  appear  to  be  such  in 
Prof.  Wincheirs  type  are  really  only  interlocking  crenulations 
of  the  hinge-line,  and  not  true  cartilage-pits.  At  least,  this 
seemed  to  me  to  be  the  case,  on  examining  Prof.  Winchell's 
type-specimens.  However  this  may  be,  I  am,  as  already 
stated,  decidedly  of  the  opinion  that  these  shells  cannot  be 
properly  referred  to  the  same  genus  ;*  and,  knowing  of  no 
other  group  to  which  our  type  could  be  with  more  propriety 
referred,  I  nave  proposed  for  it  the  name  Euchondria^\  which 
will  render  it  necessary  to  write  the  name  of  the  type  species 
Fuchondria  neglecta, 

Aviculopecten  carhoniferus  Stevens  (sp.);  pL  XXVI,  fig.  8 
(not  figs.  8a,  b).  It  wUl  be  seen  that  there  are,  by  mistake, 
two  very  different  shells  designated  on  this  plate  by  the  num- 
ber 8.  That  is,  one  simply  numbered  8,  and  one  numbered 
8a,  b.  The  first,  which  is  not  mentioned  in  the  text,  or  on  the 
explanations  of  the  plate,  is  the  form  Dr.  Stevens  described, 
many  years  back,  in  this  Journal,  under  the  name  Pecten 
carboniferus ;  while  more  recently  Prof.  Swallow  named  it 
Pecten  Broadheadiiy  and  Prof.  Geinitz,  in  his  work  on  the 
Nebraska  fossils,  has  called  it  Pecten  Hawni,  I  have  elsewhere, 
long  back,  called  attention  to  the  identity  of  these  proposed 
species,  and  referred  the  shell  provisionally  to  the  genus  Avicu- 
lopecten^ as  it  is  certainly  not  a  true  Pecten,  Good  figures  of 
both  valves  of  this  shell  may  be  seen  in  my  Report  on  the 
Paleontology  of  Eastern  Nebraska,  published  in  Hayden's 
Nebraska  Report  of  1872. 

The  other  lorm,  numbered  8a,  i,  on  the  same  plate,  is  Nucula 
parva  of  McChesney.. 

Nucuhna  (sp.  undt) ;  pi.  XXVI,  fig.  10. — This  is  the  same  as 
at  least  one  of  the  forms  referred  by  Prol  Geinitz,  in  his  work 
on  the  Nebraska  fossils,  to  Nucula.  Kazanensiz  de  Vernueil.    It 

*  In  order  that  the  reader  may  correctly  tmderstand  how  unlike  the  sheU  under 
consideration  is  to  Pemopecten^  and  how  closely  the  latter  resembles  Amunumj  it  is 
only  necessary  to  compare  the  figure  of  our  shell  with  figs.  12a,  &,  c  of  the  same 
plate,  and  figs,  llo-^  of  pi.  ix,  Palsont  Eastern  Nebraska  in  Hayden's  Nebraska 
Beport  of  1872,  representing  EntoUum  avicukUum  Swallow  (sp.),  which  is  exactly 
like  the  type  of  Pemopeeteny  excepting  in  not  having  a  crenate  hinge. 

f  See  page  445  of  this  volume. 
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looks  like  de  Verneuirs  figures ;  but,  wLeu  we  remember  tliat 
bis  species  came  from  the  Permian  rocks  of  Russia,  and  that 
his  typical  specimens  consist  merely  of  imperfect  impressions  in 
a  mass  of  rock,  it  must  be  admitted  tliat  we  have  very  unsatis- 
factory means  of  comparison,  and  that  the  probabilities  are 
much  against  the  conclusion  that  this  American  Coal-measure 
shell  is  really  the  same  as  the  Russian  species. 

It  is  also  very  similar  to  Nuculana  heUistriata  {=Leda 
belltsiriata  Stevens),  originally  described  from  our  western  Coal- 
measures,  and  very  common  at  that  horizon  in  Illinois,  to 
which  species  I  referred  it  as  a  variety  (.V.  bellistriata^  var, 
attenuaia)^  in  Hay  den's  Nebraska  G^logical  Report  of  1872, 
page  206.  It  seems,  however,  both  in  Illinois  and  Nebraska, 
to  be  always  decidedly  smaller,  and  more  attenuated  at  the 
posterior  extremity,  than  the  form  generally  referred  to  Dr. 
Stevens*  shell,  and  I  am  now  inclined  to  regard  it  as  a  distinct, 
more  delicate  species.  Its  smaller  size  is  also  (]^uite  as  strong 
an  objection  to  the  supposition  that  it  may  be  identical  with 
de  Verneuil*s  species. 

[To  be  oontinued.] 


Art.  XLVIL — Brief  ContribuHons  from  the  Physical  Laboratory 
of  Harvard  College,  No.  V. — On  a  method  of  freeing  a  Mag- 
netic Bar  from  Vie  injlitence  of  the  Earth's  Magnetism  ;  by  John 

Trowbridge. 

In  the  Proceedings  of  the  Philosophical  Society,  Manchester, 
March  19,  1867,  Dr.  J.  P.  Joule  gives  the  foUowmg  method  of 
freeing  magnets  from  the  inductive  action  of  the  earth's  mag- 
netism :  **  Two  magnets  are  prepared  whose  magnetic  moments 
are  as  nearly  equal  as  possible.  In  the  deflexion  experiments 
these  magnets  are  used  separately,  or  they  may  be  placed  simul- 
taneously on  opposite  sides  of  the  suspeaded  magnet  to  pro- 
duce a  greater  deflexion.  In  these  experiments  the  inductive 
force  of  terrestrial  magnetism  is  transverse  to  the  axis.  Let 
one  of  the  magnets  be  suspended,  and  let  the  other  be  placed 
parallel  to  it  with  its  center  exactly  below  that  of  the  suspended 
magnet,  and  with  its  axis  in  the  same  direction.  The  force 
which  the  fixed  magnet  exerts  on  the  suspended  one  is  in  the 
opposite  direction  from  that  of  terrestrial  magnetism.  If  the 
fixed  magnet  be  gradually  brought  nearer  to  the  suspended 
one,  the  time  of  vibration  will  increase,  till  at  a  certain  point 
the  equilibrium  will  cease  to  be  stable,  and  beyond  this  point 
the  suspended  magnet  will  make  oscillations  in  the  reverse  posi- 
tion.    By  experimenting  in  this  way  a  position  of  the  fixed 
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it  is  found  at  which  it  exactly  neutralizes  the  eflFect  of 
;rial  magnetism  on  the  suspended  one.  The  two  mag- 
re  fastened  together  so  as  to  be  parallel,  with  their  axes 
I  the  same  way,  and  at  the  distance  just  found  by  experi- 

They  are  then  suspended  in  the  usual  way  and  made 
)rate  together  through  small  arcs.  The  lower  magnet 
y  neutralizes  the  effect  of  terrestrial  magnetism  on  the 

one,  and  since  the  magnets  are  of  eaual  moment,  the 
one  neutralizes  the  inductive  action  oi  the  earth  on  the 
one."     (Electricity  and  Magnetism,  Clerk  Maxwell,  vol. 

.05.)^ 

\  desirable  in  many  investigations  on  magnetism  to  free  a 
I  not  only  from  the  inductive  action  of  the  earth,  but  also 
ts  directive  influence.  The  method  that  I  have  adopted 
following :  An  ordinary  tangent  galvanometer  is  so  con- 
3d  that  the  coil  is  free  to  turn  about  a  vertical  axis,  and  also 
a  horizontal  ona  The  coil  is  first  placed  in  a  plane  perpen- 
r  to  the  magnetic  meridian  ;  it  is  then  turned  about  its  nori- 
axis  until  the  component  of  the  strength  of  the  current  act- 
the  horizontal  plane  shall  be  just  equal  and  opposite  to  the 
ntal  component  of  the  earth's  magnetism.  In  fig.  1,  if 
note  by  0  the  angle  which  the  plane  of  the  coil  makes 
J  with  a  vertical  plane,  and  by  a  6  the 

strength   S  of  the  current  passing 
^  through  the  coil  of  the  galvanometer ; 

we  shall  have  S  cos^=)w,  in  which  fi 
is  the  counter-balanced  force  of  the 
X    earth's  magnetism.    Under  these  con- 
"sT  ditions  the  magnetic  needle  is  evi- 

N.  dently  in  a  state  of  unstable  equili- 

\^  brium,  and,  if  placed  perpendicularly 

Ny  7  to  the  magnetic  meridian,  will  vibrate 
^  through  small  arcs  free  from  the  in- 
fluence of  the  earth,  and  subject  odIv 
attraction  in  the  field  of  force  in  which  it  may  be  placed, 
of  soft  iron  placed  in  the  vertical  plane  which  passes 
fh  the  suspension  of  the  needle  perpendicular  to  the  mag- 
meridian,  at  a  suitable  distance  from  one  of  the  poles 
needle,  serves  to  bring  it  back  to  zero,  just  as  the  con- 
f  magnet  serves  a  similar  purpose  in  Thomson's  reflecting 
IOmeter.  This  method  constitutes  practically  a  new  as- 
ystem. 

\  often  desirable  to  test  the  changes  which  take  place  in 
jd  circuit  in  which  the  full  force  of  a  current  acts.  Such 
effect  of  heating  the  electrodes  (Faraday's  Experimental 
•ches  in  Electricity,  vol.  i,  s.  1637),  the  effects  of  indue- 
md  similar  qualitative  experiments      In   the  use  of  a 
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reflecting  galvanometer  in  such  experiments  there  are  great 
difficulties;  one  of  the  most  ohvious  of  which  is  the  large 
divergence  of  the  spot  of  light  from  the  zero  of  the  scale,  and 
the  deflection  of  tne  magnet  into  a  state  of  minimum  seDsi* 
bility.  Table  L  will  show  the  effect  of  the  introduction  of 
resistances  in  the  closed  circuit  when  the  needle  is  placed  by 
this  method  in  a  plane  perpendicular  to  the  magnetic  meridiaiif 
and  a  controling  magnet  serves  to  bring  it  back  to  its  original 
position  when  the  resistances  are  removed. 


Tabus  I. 

BetlfUncM 
inohmi. 

DerroM 
of  dlTergenc 

•16 

7 

•32 

14 

•48 

22 

•64 

30 

1 

8 
8 


In  the  following  Table  II,  the  same  resistances  were  intro- 
duced into  a  closed  circuit,  the  strength  of  which  was  measured 
by  the  same  instrument  used  as  a  tangent  galvanometer: 


Tabu  XL 

MliUnoet 
Inotami. 

I>«gr«M 

DtflsroiKM. 

•  •  •  • 

68-6 

2 

2.6 
2 
2 

•16 
•32 

66^6 
64 

•48 

62 

•64 

60 

2. 


It  will  be  seen  that,  estimated  in  this  way,  the  new  method  is 
much  the  more  sensitive.  It  possesses  the  advantage  also  that 
the  needle  can  remain  at  zero  even  while  a  strong  current  is 
passing  through  the  galvanometer;  and  is  in  a  position,  at  the 
same  time,  to  be  influenced  by  the  slightest  change  in  the  elec- 
trical condition  of  the  closed  circuit 

The  method  supplies  a  magnetic  horizontal 
pendulum  for  the  investigation  of  the  induc- 
tive effects  of  large  magnetic  masses.  It  also 
serves  to  determine  the  force  of  attraction  of  a 

falvanic  coil  on  a  magnet  placed  in  its  axis, 
n  the  following  figure  the  ellipse  represents 
the  projection  of  the  plane  of  the  coil  of  the 
galvanometer  on  the  horizontal  plane,  when  it 
makes  an  angle  0  with  the  vertical  plane,  a 
represents  the  magnetic  needle  standing  at 
right  angles  to  the  magnetic  meridian  ;  ana  c  d 
and  ef  galvanic  coils  placed  parallel  to  the 
magnetic  meridian. 
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For  small  vibrations  of  the  needle,  the  law  MT=  ^^.    ,  ^, 

evidently  applies ;  in  which 
M  is  the  magnetic  moment, 

T  the  force  of  attraction  at  a  given  distance  x  from  the  cen- 
ters of  the  coils, 
t=  the  time  of  vibration, 

^=  the  coefficient  of  torsion  of  the  suspension  thread, 
k  the  moment  of  inertia  of  the  needle. 
For  the  vibrations  of  the  same  needle  under  the  influence  of 

the  earth  we  have — MT,=  ;  e;iminating  M,  ^*,  i,  and 

T     ^  '  t  ^ 

(1+^  we  have  .=-=-^,  or  T=-^Ti,  in  which  T,  is  the  force 

of  the  horizontal  component  of  the  earth's  magnetism  in  abso- 
lute units.  We  can  thus,  by  this  method,  express  the  force  of 
attraction  of  a  galvanic  coil  at  a  given  point  on  its  axis  where 
the  lines  of  force  are  sensibly  parallel  in  absolute  units. 


No.  VI. — A  Note  on  Melde^a  Experiment ;  by  W.  LoWEBY. 

In  performing  Melde's  experiments  upon  the  vibrations  of 
strings,  it  is  desirable  to  change  the  tension  of  the  vibrating 
cord  in  a  continuous  manner.  The  ordinary  method  of  attaching 
weights  to  the  cord  does  not  admit  of  this  with  precision ;  ana 
with  small  weights  the  movement  .of  the  weight  itself,  on  account 
of  the  rapid  vibration  of  the  string,  prevents  the  formation  of  the 
ventral  segments  with  regularity.  I  have  adopted  the  follow- 
ing method:  A  glass  tube  graduated  into  millimeters  is 
weighted  so  as  to  float  in  a  vertical  position.  This  is  attached 
to  the  silk  conl  which  hangs  from  the  prong  of  the  tuning 
fork,  and  is  placed  in  a  glass  vessel  filled  with  water.  This 
latter  vessel  is  provided  with  a  siphon,  by  means  of  which 
the  water  can  be  drawn  off  at  pleasure.  It  will  be  readily  seen 
that,  by  drawing  off  the  water  from  the  larger  vessel,  the  dis- 
placement produced  by  the  graduated  glass  tube  is  diminished, 
and  the  tension  of  the  string  thereby  is  increased.  By  dimin- 
ishing or  increasing  the  amount  of  water  in  the  larger  vessel 
the  tension  can  be  diminished  or  increased  to  the  desired 
extent 

In  order  to  make  quantitative  experiments,  the  tube  is,  in 
the  first  place,  connected  with  the  arm  of  a  delicate  hydrostatic 
balance.  The  balance  is  adjusted  when  the  level  of  the  water 
in  which  the  tube  floats  is  at  the  zero  of  the  millimeter  scale. 
In  order  to  avoid  errors  in  reading,  it  is  besl  to  uae  «b  Q».\Jei^\ftxsv- 
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eter.  The  weights,  which  are  necessary  to  keep  the  index  of 
the  balance  at  zero,  when  the  level  of  the  water  in  the  outer 
vessel  falls  through  the  millimeter  divisions  on  the  graduated 
tube,  are  noted.  The  upward  pressure  of  the  water,  and  conse- 
quent] j  the  tension  upon  the  suspending  cord,  are  then  given  in 
grams. 

In  order  to  show  the  regularity  of  the  method,  the  following 
results  of  one  experiment  are  given.  In  the  experiment,  a 
glass  tube  which,  immersed  at  110  mm.  on  the  scale,  weighed 
two  grams,  gave,  when  the  level  of  the  water  in  the  outer  vessel 
was  lowered,  the  following : 

Immersed  at  110  mm. 
«  102      " 

"  93-6   " 

«  86-     " 

((  76-6    '* 

u  07.5    a 

U  43. Q      U 

In  these  experiments  a  fall  of  8*1  mm.  corresponded  to  a  dif- 
ference of  '5  of  a  gram.  It  is  evident  by  increasing  the  size  of 
the  outer  vessel  that  a  large  amount  of  water  would  measure  a 
slight  displacement  When  the  cord  was  set  in  vibration,  the 
following  results  were  obtained  : 

oflmmenlon.  Ingnma.  Vibrations. 

110  2-  6 

84  3-5  5 

76  4-  4 

30  6-7  3 

The  ratio  of  the  numbers  in  the  second  and  third  columns 
will  be  found  to  follow  Melde's  law. 

For  qualitative  or  quantitative  experiments  upon  beats  or 
Lisajous  curves  this  method  of  loading  the  prong  of  a  tuning 
fork  can  advantageously  replace  the  bit  of  wax  or  the  sliding 
weight,  since  we  have  at  our  command  a  quick  and  precise 
method  of  adjustment 


Weieht 

=  2  grams. 
2-6     « 

a 

3-0 

u 

«-6 

a 

4-0 

u 

4-6 

a 

6-0 

a 

6-6 

No.  VII. — A  Spark  Adjuster  for  the  HoUz  Machine;  by  James 

J.   MiNOT. 

In  the  Annalen  der  Physik  und  Chemie,  Bd.  137,  a  452, 
and  Bd.  189,  s.  509,  under  the  title  of  "  Schwache  Elektrische 
Funke  in  Luft,  von  P.  Riess/'  a  method  is  described  of  obtain- 
ing dilFerent  kinds  of  electric  sharks  from  the  Holtz  machina 
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The  following  method  seems  to  be  preferable  to  that  de- 
scribed in  the  above  mentioned  articles :  Ebiving  insulated  the 
outer  coating  of  the  two  Leyden  jars,  which  form  a  part  of  the 
ordinary  Holtz  machine,  short  thick  wires  were  connected  with 
these  outside  coatings  and  terminated  in  two  brass  pointers  or 
conductors,  so  arranged  that  the  distance  between  them  could 
be  varied  at  pleasure.  With  this  arrangement  the  following 
results  were  noted.  At  first  the  conductors  were  placed  in  con- 
nection with  each  other;  it  was  then  found  that  a  series  of 
sparks  were  given  off  between  the  conductors  of  the  machine. 
The  extreme  length  of  spark  obtainable  with  the  machine 
which  was  used  was  20  cm.  The  sparks  so  obtained  were 
large  and  luminous,  passing  only  at  intervals,  and  requiring  a 
certain  electric  tension  before  they  would  leap  across  the  spaca 
Then  the  pointers  connected  with  the  outer  coatings  of  the 
Leyden  jars  were  drawn  apart  about  18  mm. ;  it  was  then 
found  that  a  succession  of  fine  thread-like  sparks  passed  across 
the  space  separating  the  conductors  of  the  machine,  whereas 
there  was  no  such  appearance  between  the  pointers  connected 
with  the  jars.  But  at  intervals  a  larger  spark,  not  so  bright  as 
the  normal  spark  of  the  machine,  would  jump  across  the  con- 
ductors, and  simultaneously  with  this  a  similar  spark  passed 
between  the  pointera  This  fine  line  of  sparks  was  found  to 
have  a  peculiar  form,  being  brightest  and  largest  at  the  ends  of 
the  conductors  of  the  machine,  fading  away  to  a  lighter  and 
redder  tint,  and  being  of  a  thread-like  character  in  the  space 
between  the  knobs  of  the  conductors. 

It  was  found,  if  the  distance  between  the  conductors  of 
the  machine  exceeded  a  little  that  between  the  pointers  con- 
nected with  the  Leyden  jars,  that  no  large  sparks  passed 
between  either  set  of  conductors,  but  only  a  senes  of  thread- 
like discharges.  When  the  distance  between  the  conductors 
of  the  machme  was  less  than  that  between  the  pointers,  a  simi- 
lar result  was  obtained.  When  the  pointers  were  but  a  few 
millimeters  apart  a  continuous  loop-like  discharge  passed  be- 
tween them,  which  was  not  interrupted  by  the  occasional  pas- 
sage of  a  bright  spark,  and  was  not  coincident  in  path  with  the 
latter.  By  varying  the  distance  of  the  pointers  of  the  Leyden 
jars  the  number  and  character  of  the  sparks  could  be  changed 
at  will  This  method  possesses  the  advantage  that  by  an  easy 
adjustment  of  these  pointers  the  form  of  the  electric  spark  can 
be  readily  studied,  in  experimenting  upon  the  passage  of  the 
spark  through  difierent  m^ia  we  can,  by  this  method,  diminish 
the  diameter,  so  to  speak,  of  the  spark,  and  can  change  quickly 
from  the  spark  discharge  to  that  of  the  brush.  The  change  in 
tone  of  the  sound  of  the  discharge  when  the  distance  between 
the  pointers  is  varied  is  quite  marked. 
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No.  VIIL — E^ect  of  Condensers  on  the  Brush  Discharge  from 
the  HoUz  Machine ;  by  J.  W.  Fb WKE8. 

The  readiest  way  of  Droducing  the  brush  discharge  is  to  con- 
nect the  negative  conauctor  of  the  Holtz  machine  with  the 
ground,  and  to  place  the  hand  in  its  neighborhood  with  one 
finger  extended  toward  the  positive  conductor ;  the  brush  then 
makes  its  appearance  on  the  positive  conductor.  Faraday,  in 
his  Experimental  Besearches  in  Electricity,  voL  i,  p.  454,  et  seq., 
has  fully  described  this  peculiar  electric  discharga  Since  bis 
epoch  the  use  of  condensers  in  connection  with  electrical 
machines  has  so  altered  their  range,  that  the  following  experi- 
ments were  instituted  to  observe  the  effect  of  such  condensers 
on  the  brush  discharge. 

Experiment  1.  If  both  condensers  were  removed  from  the 
machine  and  the  negative  pole  connected  with  the  ground,  the 
brush  made  its  appearance  on  the  knob  of  the  positive  conductor. 

Mcp,  2.  A  plate  of  vulcanite,  held  in  the  hand,  was  inter- 
posed between  the  conductors  and  produced  the  same  effect  as 
the  hand  alone.  If,  however,  the  vulcanite  were  supported  on 
an  insulated  stand,  no  brush  appeared.  A  metallic  disk  held 
in  the  hand  failed  to  produce  the  brush. 

Ecp.  8.  A  condenser  was  connected  with  the  positive  pole; 
the  other  connection  remaining  as  before.  The  brush  made 
its  appearance,  but  was  less  stable,  and  consisted  of  a  uniform 
straight  spark,  of  25  mm.,  terminating  in  interweaving  rays. 
There  was  a  continual  tendency  to  break  into  the  ordinary 
electric  spark ;  due,  doubtless,  to  the  increase  of  electric  den- 
sity resulting  from  the  use  of  the  condenser. 

JSxp,  4.  For  the  condenser  of  the  machine  a  larger  one  from 
five  to  six  times  its  capacity  was  substituted.  The  brush 
disappeared. 

JEkp.  5.  A  pointed  metallic  wire  was  held  in  the  hand  and 
directed  toward  the  brush.     It  immediately  disappeared. 

The  conclusions  to  be  drawn  from  the  above  experiments 
appear  to  be  as  follows :  The  use  of  condensers  of  large  sur- 
faces is  prejudicial  to  the  continuance  of  the  brush  discharge. 
This  peculiar  phenomenon,  which  results,  evidently,  from  the 
tendency  of  the  electric  state  on  the  positive  conductor  to  com- 
bine with  the  state  which  it  induces  on  a  neighboring  large  and 
poor  conductor,  is  best  produced  by  a  continuous  supply  of  a 
positive  charge,  small  comparatively  in  quality,  which  is  as 
continuously  dissipated  by  the  inductive  action  of  the  large 
body  in  the  neighborhood.  Condensers  of  a  smaller  extent  of 
surface  than  those  in  common  use  on  the  Holtz  machine  appear 
better  adapted  to  produce  a  continuous  brush  discharge. 

With  large  conaensers  the  brush  changes  into  a  glow  on  the 
JcDob  of  the  positive  conducXjox.    1\.  -^lll  be  instructive  to  quote 
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the  remarks  of  Faraday  (Experimental  Besearches  in  Electri- 
eity,  voL  i,  §  1626)  on  this  glow  discharge.  "  Diminvium  of  the 
chargifng  surface  will  produce  it ;  thus  wnen  a  rod  0*3  of  an  inch 
in  diameter,  with  a  rounded  termination,  was  rendered  positive 
in  free  air,  it  gave  fine  brushes  from  the  extremity ;  but  occa- 
sionally these  disappeared,  and  a  quiet  phosphorescent,  contin- 
uous glow  took  their  place,  covering  the  whole  end  of  the  wire, 
and  extending  a  very  small  distance  from  the  metal  into  the  air. 
§  1528.  Increase  of  power  in  the  machine  tends  to  produce  the 
glow ;  for  rounded  terminations;  which  will  give  only  brushes 
when  the  machine  is  in  weak  action,  will  readily  give  the  glow 
when  it  is  in  good  order." 

It  is  evident  that  diminution  of  the  charging  surface  in  these 
experiments  of  Faraday  resulted  in  a  greater  electric  density  at 
the  termination  of  the  conductor  used,  which  was  also  the  effect 
with  an  increase  in  power  of  the  machine.  In  our  exoeriments 
the  effect  of  condensers  is  analagous  to  those  produced  by  Far- 
aday in  diminishing  the  charging  surface,  and  increasing  the 
power  of  the  machine.  For,  although  the  condenser  really  in- 
creases the  charging  surface,  still  the  electric  density  is  increased 
in  a  greater  ratio.  The  spectrum  of  the  brush  discharge  consists 
of  a  number  of  fine  lines  in  the  blue  and  violet  end  of  the  spec- 
trum, which  are  difficult  to  measure  on  account  of  the  faint 
light.  The  spectrum  differs  greatly  from  that  of  the  spark 
enhanced  by  the  use  of  condensers.  The  spectrum  of  the  latter 
is  a  continuous  one  crossed  by  bright  lines.  I  have  measured 
the  wave-lengths  of  the  most  prominent  ones,  and  find  their 
value  as  follows : 

WaTe-leoffth 
of  obsenred  lines.  Atmospheric  Unet. 

6767  6767  N.  Pltlcker 

6687  6686  N.        " 

6620 

6019 

6186  6184  Thalen 

6003.6  6003  N.  Huggins 

The  lines  due  to  nitrogen  are  thus  seen  to  be  the  most  prom- 
inent There  were  many  fine  lines,  especiallv  in  the  violet, 
which  were  partially  obscured  by  the  light  of  the  continuous 
spectrum ;  and  therefore  did  not  admit  of  exact  measurement 
These  lines  were  apparently  those  which  appeared  in  the  spec- 
trum of  the  brush  discharge.  The  bright  lines  whose  wave- 
lengths we  have  given  above  were  wanting  in  ^he  brush  dis- 
charga  The  solid  particles  of  the  brass  conductors  do  not 
appear  to  contribute  to  the  formation  of  the  light  of  the  spark, 
for  no  prominent  zinc  or  copper  lines  were  observed  in  the 
spectrum.  The  spark  was  produced  also  between  brass  knobs 
covered  with  sheet  platinum,  but  no  difference  in  t,hft  «^^^\r^ 
was  observed. 
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[Continued  from  page  414.] 

The  extensive  bank  near  Cashe's  Ledge,  consisting  for  the 
most  part  of  hard  bottoms,  proved  to  be  one  of  the  most  inter- 
esting of  the  localities  on  our  coast  that  has  been  investigated 
by  means  of  the  dredge.  The  crest  of  Cashe's  Ledge,  situated 
about  ninety  miles  south  from  the  mouth  of  the  Penobscot 
River,  rises  to  within  four  fathoms  of  the  surface.  Since  it  is 
in  range  with  the  extensive  belt  of  svenitic  rocks  which,  run- 
ning in  a  southwestern  direction,  terminate  in  the  mountains  of 
Mt  Desert  and  the  smaller  islands  situated  farther  south, 
Cashews  Ledge  is,  in  all  probability,  a  sunken  island  belonging 
to  the  Mt  Desert  group.  The  rocks  on  Mt  Desert  are  mostly 
massive  reddish  colored  svenites,  often  passing  into  eranite  and 
hyperite.  Many  of  the  fragments  brought  up  by  the  dredge, 
at  Cashews  Ledge,  are  of  the  same  kind  of  rock,  and  the  mud 
in  the  same  region  is  reddish  brown,  and  under  the  microscope 
shows  grains  of  reddish  feldspar,  garnet  and  other  minerals 
characteristic  of  this  granitic  formation.  The  dredgings  in 
this  region  commenced  a  few  miles  south  of  the  crest  of  the 
ledge,  in  fifty-two  fathoms,  and  extended  several  miles  farther 
southward,  to  the  depth  of  ninety  fathoms.  Several  hauls 
were  made,  both  with  tangles  and  dredges,  but  the  whole  collec- 
tion Was  combined  together  (under  No.  21,  in  the  table  of 
temperatures,  p.  4081  The  single  temperature  observation  taken 
at  the  bottom  in  tnis  place  gives  48°  R,  but  this  is  probably 
somewhat  too  high.  Although  the  bottom  was  generally 
rocky,  stony,  or  gravelly,  some  patches  of  mud  were  evidently 
encounterecl,  for  several  species  of  Annelids,  very  character- 
istic of  muddy  bottoms,  were  obtained  in  abundance.  Among 
these  were  Terebellides  tStroemi^  Melinna  cristata^  Nothria  opalina 
V.  (plate  IV,  fig.  1),  Mno'e  mgripes  V.  (plate  IV,  fig.  3),  Lcetmoniee 
filicornisj  and  several  other  species. 

Among  the  numerous  interesting  Crustacea  from  Casbe's 
Ledge  were  Lithodes  maia ;  several  species  ofHippolyte  ;  Caridton 
Oordonij  a  mre  shrimp,  previously  dredged  in  the  Bay  of 
Fun dy  and  at  Saint  George  s  Bank ;  (Ediceros  lynceus ;  Tritropis 
aculeata;  Paramphitho'e  pulcheVa^  and  other  interesting  Amphi- 
pods ;  Scalpellum  Siro'emi^  a  rare  barnacle,  dredged  afterward  off 
Cape  Cod,  in  one  hundred  and  forty-two  fathoms,  and  in  1872, 
in  four  hundred  and  thirty  fathoms,  off  Saint  George's  Bank, 
but  much  more  abundant  on  Cashe's  Ledge  than  in  the  other 
localities.    The  Annelids  were  also  numerous :  among  them  was 
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we  oblong  scaly  worm,  allied  to  Aphrodt'ia,  but  with  larger 
less  concealed,  smooth  scales,  fewer  and  stiffer  aet«e,  and 
g  slender  aoteDDffi  ;  it  is  probably  Latmonice  filicornis  Kin- 
g,  though  it  does  not  fully  aeree  with  the  descriptiou.  The 
le  species  was  dredged  in  1870,  in  ninety  fathoms,  in  the 
f  of  Kundy.  The  Leod-ce  vivida  (Eunice  vivida  Stimp)., 
Ana  coudiylega,  IVophonia  aspei-a,  Thelepua  cincinnatus, 
amiUa  ocniifera,  Sabeua  wnalis,  and  an  undetermined  species 
'SabeUa^  which  constructs  tubes  covered  with 
d,  were  abundant.  The  beautiful  ProtuUt 
iia  Stimpsoii  was  also  quite  common,  its 
«8  adhering  to  slicUs  and  stones  in  company  ( 
h  several  species  of  SpiTorbis,  and  the  cun- 
1  Vermilia  serrula  (figure  8,  and  plate  vi, 
1) ;  the  latter  is  remarkable  among  the 
■pulidce.  for  the  two  curious  chambers  which 
formed  at  the  sides  of  the  opening  of  the 
>e,  when  mature  (figure  3),  but  these  are  en- 
jly  wanting  in  immature  specimens.  A 
icies  of  Phascohaoma,  having  a  thick  opaque 
egument,  covered  with  minute  papillse,  but 
ihout  hooks,  and  usually  coated  with  dark 
)wn  or  blackish  dirt,  was  quite  abundant ;  it 
probably  the  P.  boreale  Keferstein,  described 
m  Greenland  specimens. 

A.mong  the  most  interesting  MoUusca  were  _ 

'eral  fine  specimens  of  Anach'S  Jialiceeti  (JeSl  sp.),  new  to 
nerican  waters  ;  Astyris  rosacea  ;  Ptychatractus  ligalws,  a  rare 
;1I;  lurritell't  enwa,  unusually  common:  Calliosloma  occiden- 
?;  a  large  species  of /'o^^cern,  with  long  dorsal  papillte ;  Sanleia 
ndicaria ;  fine  specimens  of  Pecten  Islandicus ;  a  few  small 
ea  of  P.  tenuicostatus,  one  of  which  is  white  on  both  sides 
i  peculiar  in  other  respects ;  and  single  living  specimens  of 
■ca  peciunculoides  and  ToreUia  veslita,  which  were  also  dredged 
1872,  near  Saint  George's  Bank.  Ascidia  mollis  V.  (figure  2, 
409)  and  several  other  Ascidians  were  abundant ;  as  was  also 
rtbraiidiua  septentrionalis.  The  Bryozoa  were  unusually  nu- 
srous  and  fine :  among  the  more  interesting  of  these  were 
gcofascigera  lucemaria;  Tftbulipora  crates  Stimp,,  llomera 
henoides;  Farrelia  familiaris ;  Flustra  solida  Stimp.,  abundant; 
acopora  Skenei;  Myriozoum  coarclatum,  etc. 
The  Echinoderms  were  very  numerous  and  of  greet  interest 
le  "tangles"  did  very  good  service  in  securing  large  numbers 
fine  starfishes,  some  of  which  were  previously  quite  rare, 
d  others  entirelv  unknown  on  our  coast  Among  the  most 
cresting  of  the  !£chinoderms  were  several  specimens  of  Schiz- 
er  fragilia;  Bippasteria  phrygiana,  a  magnificent  starfish, 
Jt.  Jaum.  BoL— Tbikd  Siriu,  Vol.  VII,  No.  41.— Hat,  1874. 
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rarely  met  with  on  our  coast,  of  which  about  a  dozen  good  speci- 
mens, of  all  sizes,  were  obtained  by  means  of  the  tangles; 
Archaster  Parelitj   a  fine   Norwegian  starfish   not  previously 
known  from  American  waters ;  several  specimens  of  Archaster 
arcticus^  previously  known  on  the  American  coast  from  a  single 
specimen  dredged  near  St.  George's  Bank,  in  1872,  in  150  fath- 
oms.   Lepiasterias  tenera,  L.  compta^  and  Stephanasiertas  albula 
were  common ;  Pteraster  militaris  occurred  sparingly,  and  a  small 
undetermined  starfish  allied  to  Asierina  was  represented  by  a 
single  specimen.    The  Ophiurans  were  also  abundant,  bat  mostly 
of  the  common  species ;  those  of  most  interest  were  Ophiacantha 
spinulosa  and  a  small  Amphipholis^  with  six  arms,  found  adher- 
ing to  a  sponge.     Two  specimens  of  a  fine  Comatula,  apparently 
identical  with  Aniedon  Sarsii  previously  known  only  irom  the 
northern  coasts  of  Europe,  were  also  caught  bv  the  tanglea 
Hydroids  were  abundant,  but  mostly  identical  with  species  found 
in  the  shallower  waters  of  Casco  Bay  and  Bay  of  Fundy. 
Among  the  Actinians  were  Uriicina  nodosa  and  Bolocera  Tuedim, 
both  of  which  were  added  to  the  American  fauna  last  year  by 
our  dredgings  near  Saint  George's  Bank  and  in  the  Bay  of 
Fundy,  and  were  also  obtained  this  year  off  Casco  Bay.    Oomu- 
lariella  modeata  V.  (plate  VIII,  figs.  1,  2)  occurred  on  Jeffrey's 
Ledga     Sponges  were  very  abundant  on  Cashe's  Ledge,  and  of 
many  species:   among  them  were  Thecophora  tbUi  Thompson 
(plate  VIII,  fig.  8),  also  dredged  last  year  by  the  Saint  George's 
Bank  expedition ;    Tetliya  hispida  Bowerbank ;   two  or  three 
species  ot  Polymastia^  one  of  which  has  the  surface  densely  his- 
pid with  long  spicules,  except  around  the  bases  of  the  large  and 
rather  long  mammilliform  prominences ;  several  specimens  of 
Hyalonema    longissimum ;    and    a    cup-shaped    thin,    flexible 
sponge  having  spicula  with  six  acute  rays  (much  like  those 
of    Euplectella,    **  attenuated    rectangulated    hexradiate"   and 
quadriturcate  hexradiate  stellate.)     But  the  most  interesting 
sponge  was  a  large  species,  of  which  several  fine  specimens  were 
oDtained.      This   in  general   appearance  and   form  somewhat 
resembles  a  Tetliya,  and  in  the  character  of  the  spicula  it  agrees 
with  Dorvillia  Kent.     This  sponge  consists  of  a  broad,  convex, 
often  nearly  hemispherical,  upper  portion,  two  to  four  inches 
in  diameter,  supported  on  a  broacl  stout,  but  short,  peduncle, 
usually  two  or  three  inches  broad  in  large  specimens,  and  some- 
what less  in  height,  the  peduncle  usually  forming  about  one- 
half  of  the  total  height,  which  may  be  three  or  four  inches. 
The  peduncle  is  composed  of  very  long,  slender,  irregularly 
aggregated,  mostly  setiform  spicula,  more  or  leas  appressed  to 
the  surface,  but  with  the  upper  ends  mostly  free ;  together  with 
a  few  small  dependent  fascicles.    The  '*  head  *'  or  upper  portion 
o{  the  sponge  mass  is  firm,  and  rather  dense,  composed  chiefly 
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of  radiating  bundles  of  large  and  long  slender  spicula,  often 
more  than  half  an  inch  long,  many  of  which,  at  the  external 
layer,  divide  into  three  horizontel  or  recurved  branches  or 
prongs,  each  of  which  usually  forks  near  the  end  into  two  acute 
divergent  branches,  serving  to  support  the  cortical  layer,  which 
is  more  or  less  irregular  and  uneven,  but  firm ;  some  of  the 
spicula  referred  to  project  beyond  the  surface,  and  nearly  the 
whole  exterior  is  rudely  and  aensely  hispid,  with  long,  setiform, 
acute  spicules,  which  project  unequally  from  the  surface,  the 
free  ends  of  many  of  them  being  half  an  inch  or  more  in 
length.  Among  tne  projecting  spicula,  and  supported  by  them, 
are  small,  elongated  oval,  or  fusiform,  masses  of  soft  sarcode, 
which  are  probably  to  be  regarded  as  external  gemmae.  Scat- 
tered irregularly  over  the  upper  surface,  and  especially  around 
the  peripnery,  are  large,  often  very  elongated,  rounded,  or 
angular,  sunken  areas  or  pits,  often  half  an  inch  across,  sur- 
rounded by  a  more  or  less  prominent  margin  supported  by  stifl* 
projecting  spicula.  The  bottom  of  these  pits  is  formed  by  a 
thin  membrane  or  diaphragm,  perforated  by  very  numerous 
small  round  or  oval  openings,  wnich  are  quite  variable  in  size, 
even  in  the  same  area,  and  in  many  cases  are  so  numerous  and 
large  in  the  central  part  as  to  be  separated  only  by  a  mere  net- 
work, when  they  become  polygonal.  This  perforated  mem- 
brane is  filled  with  minute,  many-rayed  double-stellate  spicula, 
with  a  small  number  of  much  larger  ones  having  four  or  five 
acute  rays.  Beneath  the  diaphragm  the  pits  become  more  or 
less  funnel-shaped,  and  communicate  with  large  round  anas- 
tomosing channels,  which  ramify  through  the  sponge-mass. 

It  seems  necessary  to  refer  this  remarkable  form  to  the  genus 
Dorvillia^  and  therefore  I  propose  to  consider  it  a  new  species 
under  the  name  of  Dorvillia  echinatcu* 

The  greater  part  of  "  Jeffrey *s  Ledge,"  situated  from  6  to  15 
miles  northeast  from  Cape  Ann,  has  a  hard,  gravelly  and  stony 
bottom,  in  24  to  83  fathoms  of  water.  Most  of  the  species 
found  there  are  the  same  as  those  previously  enumerated  from 
the  hard  bottoms  in  Casco  Bay,  though  a  few  additional  ones 
were  found  The  hard  bottoms  on  Stellwagen^s  Bank,  north 
of  Cape  Cod,  in  22  to  44  fathoms,  have  a  fauna  very  similar  to 
that  of  Jeffrey's  Ledge,  but  with  some  species  not  met  with  in 
the  other  localities.  Astrophyton  Agassizii  was  taken  here,  in 
great  abundance,  with  the  tangles,  though  it  did  not  occur 
either  on  Jeffrey's  Ledge,  Cashe's  Ledge,  nor  in  Casco  Bay. 
Asterias  vulgaris  was  also  very  abundant  and  of   large  size. 

Among  the  Mollusca  from  Stellwagen's  Bank  were  Aporrhais 

^  It  maj  be  the  Thenea  muricata  Gray  (Bowerb.  8p.)i  but  does  not  agree  with 
the  description.    The  sponge  referred  to  by  Whiteaves  (this  volume,  p.  2Il\  ^«& 
probably  an  imperfect  specimen  of  the  same  Bpedea.    0\it  s^^qciqa  ^vqa  «i(XM^^ 
to  pebbles,  eta 
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occidentalis ;  numerous  specimens  of  Mactra  polynema  {ovalis 
Gould)  and  Cyprina  Islandica^  and  a  few  dead  valves  of  Giy- 
cimeris  siliqxm  and  Panopcea  NorvegtccL  The  latter  occurred  also 
on  Jeffrey's  Ledge. 

List  of  species  from  the  hard  bottoms  on  the  outer  banks. 

In  the  following  list  the  species  dredged  on  Cashe's  Ledge 
(loc.  21)  are  designated  by  c  following  the  name;  those  from 
Jeffrey's  Ledge  by  J ;  those  from  Stellwagen's  Bank  by  a 
Those  species  dredged  on  these  bottoms,  but  belonging  more 
properly  to  muddy  bottoms,  are  designated  by  an  asterisk  (*) 
prenxea ;  some  of  these  doubtless  came  from  scattered  patches 
of  muddy  bottom,  but  others  may  have  burrowed  beneath  the 
stones  and  dead  shells. 


ABTICTTTiATA. 

Pycnogonida, 

Pjcnogonum  pelagicum. 

O.J.          1 

Nymphon  groBsipes. 

a  J. 

Crustacea. 

Hjas  araneuB. 

s. 

Paramphithoe  pulcheUa. 

a     8. 

H.  ooarctatus. 

0.  J.  8. 

P.  (?)  cataphracta. 

c.      8. 

Oanoer  irroratus. 

8. 

TritropiB  aculeata. 

0.  J.  8. 

Idthodea  maia 

0. 

Mo§raDan». 

a    B. 

EupaguruB  pubeBoens. 

J.  & 

^(EdioeroB  lynoeuB. 

a 

B.  Kroyeri. 

J.  8. 

Melita  dentata. 

0. 

E.  BernharduB. 

B. 

PhoxuR  Kroyeri. 

s. 

Hippolyte  spina. 

J.  8. 

PodoceruBf  sp. 

c. 

H.  borealis. 

0.  J.  & 

Leuoothoe  grandimanuB  St. 

c. 

H.  pusiola. 

0.       8. 

Metopa,  sp. 

c. 

H.  polaris. 

J. 

Unciola  irrorata. 

c.     s. 

H.  aculeata. 

J.  8. 

Ptilocheinis  ping^. 

& 

H.  Fabricii. 

J.  8. 

*AmpeliBoa,  wit£  red  spots. 

8. 

Pandalus  annulioomiB. 

0.  J.  a 

Caprolla,  spiny  sp. 

c.     s. 

•Caridion  Gk>rdoni. 

a 

Asellodes  alta. 

c. 

Crangon  vulgaris. 

8. 

Praniza  oerina 

c. 

Mysis,  sp. 

J.  8. 

Anthura  brachiata. 

J. 

Thysanopoda,  large  sp. 

a     a 

Bopyrus,  on  Hippolyte. 

J. 

Cumaccse,  sp. 

c. 

Balanus  porcatus. 

C.  J.  & 

Acanthozone  cuspidata. 

J.  8. 

Scalpellum  Stroemi. 

c. 

Anm 

Hida. 

^Lsetmonioe  fllicomis. 

c. 

♦Ninoe  nigripes  V. 

0. 

Eunoa  (Erstedii. 

J.  8. 

*Lumbriconereis  fragilis. 

0.     s. 

E.  nodosa. 

J. 

Rhynchobolus  albus  (?) 

0.      8. 

Harmothoe  imbricata. 

0. 

*Goniada  maculata. 

8. 

Antinoe  Sarsii. 

0. 

Trophonia  aspera  St 

C.  J. 

Euphrosyne  borealis. 

0. 

Tocturella  flaocida  St 

c. 

Crjptonota  citrina  St 

J. 

Brada  sublssvis  St 

c. 

♦Nephthys  ingens  St. 

c. 

Kicomache  lumbricalis. 

C.      8. 

Nereis  pelagica. 

0.  J.  8. 

Cistenidcs  granulatus. 

0.  J.  8. 

Phyllodoce  Groenlandica. 

0. 

*Samytha  sexcirrata. 

C. 

Leodioe  vivida. 

0.  J. 

*Melinna  cristata. 

0. 

Nothria  oonchylega. 

0. 

♦Terebellides  Stroemi, 

C. 

•N.  opalina  Y. 

0.     a. 

.    TbelepuB  cincinnatus. 

0.  J.  8. 

on  the  Coast  of  New  England, 
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Annelida — continued. 


Amphitnte  cirrata. 
A.  intorroedia. 
Mjxioola  SteenstrupiL 
Sabella  sonalis  St 
Sabella,  sp.,  in  sandy  tubes. 
Potamilla  oculifera. 
Ghone,  sp. 


Phascolosoma  boreale  (?). 


0. 

Protola  media  St 

0.  J. 

0. 

flligrana  implexa. 

a 

0. 

Vermilia  seirula  St 

0.  J. 

0.  J. 

Spirorbis  luddus. 

c.  J.  a 

0.  J.  & 

S.  quadrangnlaris  St 

c.  J.  a 

C.J.  a 

S.  nantiloides  (?). 

C.  J. 

a 

Ichthjobdella,  sp. 

8. 

O^hf/rea. 

c.  I    P.  cffimentarium. 


TurbeHaria, 
Nemertes  afflnis  (?).        o. 


c.  J.  a 


MOLLUSGA. 

Gastropoda, 

Admete  yiridula. 

0.     a 

Lamellaria  perspicua. 

0. 

Bela  turricula. 

a 

Turritella  erosa. 

c.     a 

B.  deciissata. 

c.  J.  a 

T.  adcula. 

J. 

B.  harpularia. 

8. 

Odostomia,  sp. 

a 

Anachis  Haliteeti. 

0. 

*Scalaria  Groenlandica. 

a 

Astyris  rosacea 

0.  J. 

Acirsa  borealis. 

a 

Buocinum  undatum. 

a  J.  a 

Margarita  obscura. 

J.  a 

Neptunea  curta. 

0.  J.  a 

M.  cinerea. 

c.  J.  a 

N.  deoemcostata. 

0.     a 

M.  Groenlandica. 

c.  J.  a 

Neptunella  pygnuea. 

O.J.  a 

Calliostoma  ooddentale. 

C.  J. 

Tritia  trivittata. 

a 

Diadora  noachina. 

0.     a 

Ptychatractus  ligatus. 

0.     a 

Lepetaceeca. 

c.  J.  a 

^Aporrhais  oocidentalis. 

J.  a 

Polycera,  sp. 

0. 

Natica  clausa. 

c.  J.  a 

*Gylichna  alb& 

J.  a 

Lunatia  Groenlandica. 

0.  J.  a 

*PhUine  lineolata. 

0. 

L.  immaculata. 

a 

^Scaphander  puncto-striatus. 

C.       8. 

L.  heros,  var.  triseriata. 

a 

Hanleia  mendicaria. 

0.  J. 

Amauropsifi  helicoides. 

Trachydermon  albua 

J.  a 

Torellia  vestita. 

c. 

*EntAliR  striolata. 

C.  J. 

Yelutina  ax)nata. 

0.     a 

♦E.  agiliR  (?). 

C. 

Y.  Iffivigata. 

0.  J.  a 

LameUibr 

*anchiata. 

Zirphflea  crispata. 

J.  a 

Clidiophora  trilineata. 

a 

Glycimeris  siliqua. 

a 

Mactra  polynema. 

8. 

Saxicava  arctica. 

0.  J.  a 

*Leda  tenuisulcata. 

c.  J.  a 

PanopsBa  Norvegica. 

J.  a 

*Nucula  delphinodonta. 

J. 

^Macoma  sabulosa. 

0.     a 

♦Yoldia  obesa. 

c. 

♦Cjrprina  Islandica. 

a 

Modiola  modiolus. 

C.  J.  8. 

Cardium  pinnulatum. 

c.  J.  a 

Modlolaria  discors. 

C.  J.  8. 

♦Cyclocaniia  borealis. 

0.     a 

M.  corrugata. 

C.       8. 

♦C.  Novangliffi. 

c.  J.  a 

M.  nigra. 

J. 

♦Astarte  lens. 

C.  J. 

*Orenella  glandula. 

C.  J. 

♦A.  undata. 

C.J.  a 

Pecten  Islandicus. 

C.  J.  8. 

A.  quadrans. 

J.  a 

P.  tenuicostatus. 

c.     a 

Area  pectunculoides. 

c. 

P.  Groenlandicus  (?) 

0. 

Mya  truncata. 

0.  J. 

Anomia  aculeata. 

0.  J.  a 

Lyonsia  hyallna. 

a 

• 
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Tunicata. 

Aflcidia  moUis  V. 

0.  J.  8.         AmanBdum  glabnuiL 

c.  J.  & 

Ascidiopeis  oomplanatus. 

0.  J.  B.          A  pallidum. 

C.  J.  8. 

Oione  tenella. 

0. 

Lepuxdinum  albidum. 

c.  J.a 

QTnthia  camea. 

0. 

L.  luteolum. 

C.  J.  & 

Molgnla  retortiformis. 

J.  8. 

Lissodinum,  sp. 

Brachiopoda. 

Terebratulina  septentrionalis. 

a  J.  s. 

BryozocL 

IdmonsBa  pniinosa  SL 

0.  J.  & 

Bugula  Murrajana. 

C.  J.  8. 

Tubiilipora  crates  St. 

0. 

Oemellaria  lorioata. 

J.  8. 

Tubiiliporaf  sp. 

0. 

Flustra  solida. 

C.  J.  8. 

Homera  liohenoides. 

0. 

Membranipora,  sp. 

J.  8. 

Grisia  ebumea. 

0.  J. 

Discopora  Skenei. 

c. 

Earrella  familiaris. 

0. 

Lepralia,  several  sp. 

C.  J.  & 

Alcjonidium,  sp. 

C.  J. 

Myriozoum  coarctatam. 

a 

Gellularia  temata. 

0.  J.  8. 

Cellepora  scabnk 

J.  & 

Oaborea  EllisiL 

0.  J.  8. 

C.  ramulosa,  var. 

C.  J.  & 

Radiata. 

Echinodermata, 

Lophothuria  Fabricii. 

0.  J. 

Pteraster  militaris. 

0.  J. 

^Bchizaster  frag:ili8. 

0. 

Hippasteria  phrygiana. 

c. 

Strongylooentrotus  Drdbachi- 

Archaster  Parelii. 

c. 

ensis. 

0.  J.  8. 

A.  arcticus. 

c. 

"    var.  with  slender  reddish 

Asterina  (?),  sp. 

a 

spines. 

0.  J. 

*Ctenodiscus  crispatus. 

c. 

EchinarachniuB  parma. 

& 

Ophiopholis  aculeata. 

G.  J.  a 

Asterias  vulgaris. 

0.  J.  8. 

*Ophiogl3rpha  Sarsii. 

C.  J.  s. 

Leptasterias  tenera. 

0.  J.  8. 

♦0.  robusta. 

C.  J.  s. 

L.  compta. 

c.  J.  a 

Amphipholis  elegans. 

J. 

L.  Mullen  (?) 

0. 

A.  Torelli  (?). 

c. 

Stephanasterias  albula. 

0.  J. 

Ophiacantha  spinulosa. 

C.  J.  8. 

Solaster  endeca. 

0.  J.  8. 

Astrophyton  AgassizlL 

& 

Cribrella  sang^inolenta. 

c.  J.  a          Antedon  Sarsli. 
Hydroida, 

c. 

Gampanularia  verticillata. 

J.  8. 

Sertulariella  poly^onias,  var. 

C.  J.  8. 

Obelia,  sp. 

0.  J.  8. 

8.  tricuspidata. 

C.  J.  s. 

Grammaria  abietina. 

C.  J. 

Eudendrium,  sp. 

8. 

Lafoea,  sp. 

8. 

Tubularia  indivisa. 

C.  J.  s. 

Halecium  muricatum. 

J.  8. 

^Corymorpha  pendula. 

J.  s. 

Diphasia  fallax. 

0.       8. 

Hydractinia  polydina. 

s. 

Sertularia  cupressina. 

a  J.  8. 

AnthoTLoa. 

Alcyonium  carneum. 

J.  8.          IJrticina  nodosa. 

c. 

Ck>mulariella  modesta  V. 

J. 

U.  crassicomis. 

J.  8. 

^Edwardsia,  sp. 

c. 

Bolocera  Tuediffi. 

c. 

on  the  Coast  of  New  England, 
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Protozoa. 
Spongiag, 


Reniera,  coarse  and  open  sp.      o.  J.  8. 
Reniera,  sp.  with  oonical 

verniC88.  J. 

Halichondria  panioea.  J. 

H.,  sp.,  dark  red,  on  shells.        c.  J.  8. 
H.  (?),  sp.,  purplish,  encrusting,  o.  J. 
Ck>mpact  branching  sponge. 
Cup-shaped  sponge. 

with  6-rayed  spicula. 
Isodictya,  sp.,  with  large 

oscules. 
I.  infundibulifonnis  (?). 
Grantia  ciliata. 
G.  arctica  (Sjcandra  HsM^el). 


c. 

0. 

0. 
0. 

c. 


8. 
8. 


Hjalonema  longissimunt  0. 

Thecophora  ibla.  o.  J. 

DorviUia  echinata  V.  o. 

Tethya  hispida  Bowerb.  o.  J. 

Polymastia  robusta  (?).  8. 

P.  mamillaris  (?).  j. 

Polymastia  hispid  species.  a  J. 

Trichostemma,  sp.  j 

Suberites  (?),  bright  yellow 

with  large  vemicffi.  J. 

Suberites,  smooth,  orange, 

massive  sp.  J. 

Cliona,  sp.  j. 

Globular,  cancellated  sponge.         J. 

Several  other  sponges  occurred  which  have  not  been  ex- 
amined. 

The  two  localities  in  shallow  water,  near  Salem  Harbor, 
vielded  a  number  of  interesting  species,  with  many  of  the  well- 
known  species  characteristic  of  Massachusetts  Bay  and  the 
adjacent  coasts. 

EZFLAJTATION    OF  PLATES. 

Plate  VL — Figure  1,  Vermilia  wrrula  Stimpson ;  an  immature  specimen,  much  en- 
larged. 
Figure  2,  PraxiUa  nonaUs  Verrill;  Casco  Bay,  8  to  20  fathoms;  anterior 

and  posterior  portions,  enlarged  4  diameters.    This  species  has  22 

setigerous  segments,  and  the  circular  bands  of  color  on  the  anterior 

portion  are  bright  red. 
Figure  3,  Andstria  acuta  Verrill,  from  Casco  Bay,  10  to  16  fathoms; 

enlarged  32  diameters. 
Rgure  ^  Enipo  gracilia  Verrill;  setae,  enlarged  175  diametera 
figure  5,  Amphiiriie  cirrata;  a,  side  view,  enlarged  about  2  diameters; 

6,  one  of  the  branchiffi  more  enlarged;  c,  one  of  the  uncini  enlarged 

500  diameters. 
Plate  vn. — Figure  1,  Ophionemertea  agilis  Verrill ;  dorsal  new,  enlarged  four  times. 
Figure  2,  Macronemertea  gigarUea  Verrill ;  a,  head,  dorsal  view ;  5,  head, 

ventral  view ;  natural  size. 
Figure  3,  Dretrastemma  vitkUa  Verrill ;  a,  head,  dorsal  view ;  6,  head, 

front  view ;  enlarged. 
Figure  4,  Euchone  ekgana  Verrill ;  enlarged. 
Figure  5,  Ammatrypane  Jmbriata  Verrill;  ventral  view,  enlarged. 
Figure  6,  ClymeneUa  torquata  Verrill ;  side  view,  natural  side. 
Figure  7,  Urtieina  nodosa  Verrill  (Fabr.  sp.) :  natural  size. 
Plate  viiL-Figure  1,  ComularieUa  modesta  Verrill ;   enlarged. 

Figure  2,  The  same ;  spicula  of  the  integument,  much  enlarged. 
Figure  3,  Akyonium  cameum  Ag. ;  three  of  the  polyps,  much  enlarged. 
Figure  4,  Edwardaia  farinaeea  Verrill ;  enlarged  about  three  diameters. 
Figure  5,  The  same ;  view  of  the  disk ;  more  enlarged. 
Figure  6,  (Higotrochus  vitreus  Sars ;  a,  an  immature  plate ;  6,  a  fully 

developed  one ;  enlarged  140  diameters. 
Figure  7,  Scalpelhtm  Stroemi  Sars ;  side  view,  enlarged  5  diameters. 
Figure  8,  Thecophora  ibla  W.  Thompson;  natural  size. 

[Figure  4  of  plate  vi,  figures  2  and  4,  plate  vm,  and  figures  1  to  6  of  plate  vn 
were  dravni  by  the  author ;  figure  7  of  plate  YUi,  by  S.  I.  Smith ;  figure  8,  plate 
Tin,  by  Mr.  Sherman;  figure  5  of  plate  vi  was  copied  from  M.aim^s^\i\  ^>3[a 
rest  were  drawn  by  J.  H.  £merton.J 
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Sdeiitifie  Inidligence. 


SCIENTIFIC    INTELLIGENCE 


L  Chemistky  and  Physics. 

1.  On  the  Specific  Heats  of  Zirconitmi^  Silicon  and  Soron.— 
W.  G.  MixTEB  anA  K  S.  Dana  have  detennined  with  great  care, 
in  Bunsen's  laboratory,  the  specific  heats  of  zirconium,  of  silicon 
and  of  boron,  with  a  view  to  fix  the  atomic  weight  of  sirconiimi 
and  consequently  the  formula  of  zirconia.  Although  this  earth 
forms  salts  with  acids,  yet  Marignac's  discovery  of  the  isomor- 
phism of  zirconium  fluoride  with  the  fluorides  of  silicon,  of  titan* 
lum  and  of  tin,- has  resulted  in  giving  the  formula  ZrO^  to  zirconia, 
instead  of  ZrO  or  Zr^O^.  The  specific  heat  determinations  were 
made  with  the  original  ice-calorimeter  of  Bunsen.*  In  order  to 
become  familiar  with  the  use  of  the  apparatus,  some  preliminary 
experiments  were  made  with  chemically  pure  cast  silver  and  with 
crystallized  silicon.  The  constants  of  the  apparatus  were  W^^ 
Wp,  and  W^  ;  representing  respectively  in  divisions  of  the  scale 
on  the  instrument  the  quantity  of  heat  evolved  by  one  gram  of 
water,  platinum  and  the  glass  used,  when  cooled  from  1°  to  0^  C. 
These  values  were  as  follows :  W^=14-667  ;  Wp=0-4692;  W^= 
2 '766 7.  The  results  of  the  preliminary  experiments  are  given  in 
the  following  table : 

SUyer.  Silicon.  SOleoi. 

Weight  of  substance G,  4-1416  XOOll  l-OOll 

"Weight  of  glass  case G^,  0  02014  0-20U 

Weight  of  platinum  load Gp,  0  04374  04374 

Temperature  of  expt t,  SQ-a**  99*45**  99-46' 

Duration  of  experiment M,— Mo,  40'  20'  45' 

Scale  motion  before  expt.,         ^  +0-02  +0*236  +0  169 

•*         "        after       "  77,  +0  163  +0*327  +0*151 

M, 

Oscillation  of  scale Q-Qi,         327*5  317*6  317-3 

Corrected  movement T,  331*16  323*23  324*5 

Specific  heat S,  005494  016995  0*1704 

The  value  thus  found  for  the  specific  heat  of  silver,  0*0649,  agrees 
very  well  with  that  obtained  oy  Bunsen,  0*0559,  and  is  less  than 
that  given  by  Uegnault,  0*0570,  For  silicon,  different  specimens 
gave  Kegnault  values  varying  between  0*160  and  0*1 80.  In  order 
to  ascertain  the  purity  of  their  specimen,  which  consisted  of  large 
well-formed  crystals  showing  no  mechanically-mixed  impurities, 
the  authors  heated  a  portion  of  it  in  a  stream  of  chlorine  gas,  and 
determined  the  silicon  from  the  loss.  It  contained  silicon  98*7, 
iron  0*6,  adnc  0*7^100.  Correcting  the  observed  specific  heat  by 
this  analysis,  they  obtained  0*1710  for  the  true  specific  heat  of 
silicon,  and  (14'2X017io)  2*429  for  its  atomic  heat;  thus  con- 
firming  the  deviation  of  this  element,  even  when  pure,  from  the 
law  01  Dalong  and  Petit. 

♦  This  Journal,  III,  i,  172,  271,  348, 1874. 
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For  the  zirconium  determinations,  a  material  was  used  which, 
as  shown  by  analysis,  consisted  of  zirconiam  54*53,  silicon  5*44, 
aluminum  40*36  =  100-33.  It  was  homogeneous  in  appearance 
and  was  made  up  of  metallic  scales  resembling  graphite.  It  gave 
as  follows : 

L  II. 

Weight  of  Bubstance, G,  1*3019  1-3019 

Weight  of  glass  case, G^,  0*1781  01781 

Temperature  of  the  expt, i,  99*7'  99*75° 

Duration  of  the  expt,  M,  -Mq,  30^  36' 

Scale-motion  before  expt., jt-,  +0*137  +0*111 

Scale-motion  after  expt, *^,  +0*18  +  0  '14 

Oscillation  during  expt, Q— Qi,  294*1  296*2 

Corrected  scale-motion, T,  298*85  300*59 

Specificheat, S,  0*1313  0*1321 

Correcting  this  result  by  the  analysis  above  given,  the  authors 
find  for  the  specific  heat  of  pure  zirconium  the  value  0*6666,  and 
for  its  atomic  heat,  2*986.  This  last  number  agrees  well  with 
that  of  silver,  2*068,  and  confirms  the  formula  ZrO,  as  the  correct 
expression  for  zirconia. 

The  boron,  whose  specific  heat  was  determined  by  Mixter  and 
Dana,  consisted  for  the  most  part  of  well-formed  crystals,  having 
the  following  composition  :  Boron  90*18,  aluminum  9*82=100. 
The  specific  heat  ot  this  substance,  as  obtained  in  two  determina- 
tions, IS  given  as  0*2472  and  0*2489.  Calling  the  specific  heat  of 
aluminum  0*2143,  the  specific  heat  of  pure  boron  becomes  0*2518, 
and  its  atomic  heat  2*745  ;  or,  taking  its  atomic  weight  at  5  45,  to 
bring  it  into  accordance  with  the  other  determinations,  r37'2o  ; 
thus  confirming  the  results  of  Regnault  and  Kopp,  and  giving  a 
much  smaller  number  than  is  required  by  Dulong  and  Petit's  law. 
— Ann,  Cliem.  Pharm,^  clxix,  388,  Oct.,  1873.  g.  f.  b. 

2.  On  a  constant  Normal  Flame, — The  necessities  of  practical 
photometry  as  well  as  exact  scientific  research  require  the  use  of 
a  normal  flame  constant  in  character  and  uniform  in  results. 
This  is  far  from  being  the  case  either  with  the  generally  used 
standard  candle,  the  carcel  lamp  of  definite  form  and  size  as  used 
in  France,  or  the  pure  ethylene  gas  flame  used  in  Germany. 
Wartha  proposes  therefore  a  simple  apparatus  by  which  he  hopes 
to  attain  this  desideratum ;  as  employed  in  his  preliminary  ex- 
periments, it  consists  of  an  ordinary  gun-metal  cylinder,  such  as  is 
used  for  containing  the  liquid  carbonic  acid  in  a  Natterer^s  con- 
densing pump,  placed  in  a  tin  outer  vessel  filled  with  water.  To 
the  jet  is  aflixed  a  gas  burner,  just  below  which  is  placed  a  small 
water  manometer.  This  cylinder  is  filled  nearly  full  with  ordinary 
etber,  and  the  water  outside  of  it  is  heated  to  boiling.  The  pres- 
sure in  the  interior  of  the  cylinder  is,  according  to  Uegnault's  ex- 
periments, 4950*8 1*""'*  and  will  remain  constant  for  an  hour.  If 
now  the  fine  screw  be  opened  slightly,  the  ether  vapor  passes, 
under  only  three  or  four  millimeters  of  water  pressure,  to  the  burner, 
and,  being  ignited,  bums  with  a  brilliant  white  flame  resembling 
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that  of  gas.  It  is  easy  to  see  that  an  apparatus  can  be  constmcted 
weighing  only  from  100  to  150  grams,  which  will  sustain,  uoder 
the  conditions  above  given,  dooole  the  required  pressure,  and 
which  can  be  placed  on  the  balance  and  its  consumption  obtuned 
within  a  milligram.  If  a  burner  with  an  opening  of  known  diam- 
eter be  used,  and  the  estimation  be  made,  as  is  now  common  with 
the  standard  candle,  by  noting  the  height  of  the  flame,  and  the 
number  of  the  divisions  the  key  is  turned,  the  character  of  the 
flame  and  the  consumption  of  material  may  be  absolutely  con- 
trolled and  registered.  The  author  suggests  the  use  of  this  appa- 
ratus for  determining  vapor  tensions,  especially  of  the  more  oan- 
gerous  burning  oils. — Ber.  BerL  Chem,  Ges.,  vii,  103,  Feb.,  1874. 

6.  p.  B. 
3.   On  the  so-caUed  Continuing  Bays  of  BecquereL — In  1848, 
Becquerel  stated  that,  if  silver  chloride  be  exposed  to  the  spec- 
trum directlv,  it  begins  to  be  blackened  first  in  the  outer  violet 
rays,  the  action  subsequently  extending  up  to  the  line  F.     But  if^ 

{>r<'vious  to  this  exposure,  diflused  light  be  allowed  to  fall  upon  it 
ong  enough  to  permit  a  very  feeble  action  to  take  place,  then, 
when  exposed  to  the  spectrum,  not  only  does  the  blackening  ti^ 
place  in  the  outer  violet,  but  throughout  the  whole  spectrum  even 
to  the  outer  red.  He  hence  called  the  violet  the  exciting  rays, 
and  the  others  continuing  rays,  because  they  appeared  to  continue 
the  action  when  it  was  once  commenced  by  the  violet.  These  ex- 
periments were  made  with  the  chloride  of  silver,  and  it  is  upon 
this  substance  that  his  theory  is  founded.  Though  he  used  the 
iodide  and  bromide,  yet,  as  tney  were  not  pure,  he  was  misled. 
Though  this  theory  of  Becquerel  has  been  contested  by  Draper, 
Claudet,  Gaudin  and  others,  yet  as  Guetzlaff  has  recently  re- 
vived it  in  the  recommendation  to  under-expose  photographic 
plates  in  the  camera,  and  then  to  give  them  a  supplementary 
exposure  behind  red  glass  (or  any  glass  which  transmits  no  blue 
rays)  ;  H.  VotiEL,  in  connection  with  Zencker  and  Prumm,  has 
re-examined  the  question.  The  results  prove  that,  with  the  ordi- 
nary silver  iodide  and  bromide  process,  exposure  behind  a  red 
glass  has  no  effect  whatever.  Vogel  hence  explains  the  apparent 
continuing  action  in  the  case  of  silver  chloride  as  special,  due  to 
the  following  facts  :  1st,  that  pure  white  silver  chlonde  (AgCl)  is 
sensitive  only  for  violet  and  ultra-violet  rays,  being  by  them  re- 
duced to  the  violet  argentous  chloride  (Ag-Cl) ;  2d,  that  this 
violet  chloride,  as  proved  by  the  experiments  of  Seebeck,  Herschel, 
Poitevin,  Zencker,  and  others,  is  sensitive  for  almost  all  the  colors 
of  the  spectrum  ;  a  fact  of  great  significance  in  color  photography. 
Becquerel  therefore  obtained  an  effect  from  all  parts  of  the  spec- 
trum because  he  used  this  violet  chloride,  produced  by  his  pre- 
liminary exposure.  In  proof  of  this,  the  violet  chloride  produced 
by  purelv  cnemical  processes  without  the  aid  of  light,  is  shown  to 
1^  be  sensitive  to  the  red  and  yellow  rays.  That  the  trace  of  argen- 
HkjfQM  chloride  produced  hy  the  brief  preliminary  exposure  can  re- 
^^Hfe^in  so  intense  a  darkening  Vogel  thus  explains :  Ist,  the  violet 
^^^Hsfile  is  reduced  to  metwic  ^Wn^t  \)^  \\y^\\^ht : 
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Ag3Cl=:Ag,+Cl. 

d,  in  presence  of  the  white  chloride,  this  metallic  silver  reacts  to 
ive  the  violet  body : 

AgCl+Ag=AgaCL 

*hi8  is  then  reduced  as  before,  and  the  process  goes  on  till  all 
[le  silver  chloride  is  decomposed.  It  is  therefore  evident  that,  in 
be  sense  in  which  Becquerel  used  the  term,  there  is  no  such  thing 
s  "continuing"  rays.  When  light-rays  which  are  themselves 
lactive  appear  to  continue  the  action  of  those  which  are  active, 
he  fact  is  to  be  ascribed  to  the  production,  by  the  active  rays,  of 
new  compound,  decomposable  now  by  the  previously  inactive 
ays.  Chloride  of  silver  shows  this  action  best,  because  of  the 
itensity  of  its  color-changes.  Since,  however,  the  color  of  argen- 
3US  chloride  is  violet,  the  complementary  colors  red.  yellow  and 
reen  must  be  absorbed ;  and  since  it  is  the  absorbed  rays  which 
iroduce  actinic  effects,  it  is  to  be  expected  that  the  violet  chloride 
rill  be  sensitive  to  the  so-called  inactive  rays.  Moreover,  silver 
•romide  being  itself  directly  sensitive  to  the  rays  of  low  refi-angi- 
ility,  it  cannot  evidently  exhibit  this  continuing  action.  And, 
Lnce  both  bromide  and  iodide  are  colored  yellow  by  light,  they 
re  not  more  sensitive  to  yellow  on  subsequent  exposure,  because 
bey  do  not  absorb  it. — Ber,  Berl,   Chem,   Oes,^  vi,  1498,  Jan., 

874.  G.  F.   B. 

4.  On  the  Solubility  of  Arsenous  Oxide, — Of  the  two  modifi- 
ations  of  arsenous  oxide,  the  vitreous  or  transparent  and  the  por- 
elain-like  or  opake,  the  former  is  well  known  to  be  more  soluble 
1  water  than  tne  latter.  Stelzbb,  under  the  direction  of  Buch- 
er,  has  made  a  series  of  experiments  with  a  view  to  determine 
he  exact  solubility  of  these  varieties.  The  oxide  was  prepared 
1  the  second  of  the  above  modifications,  by  solution  in  hot  dilute 
ydrochloric  acid,  and  slow  cooling  of  the  filtrate.  The  octahe- 
ral  crystals  were  washed,  dried  and  pulverized.  The  estimation 
f  the  amount  dissolved  was  effected  by  titrition  with  a  tenth- 
ormal  solution  of  iodine,  being  controlled  by  evaporation  and 
irect  weighing.  A  portion  of  this  acid  was  placed  in  a  flask, 
nd  treated  with  pure  water  at  15°  C,  for  twenty  four  hours.  Every 
00  c.  c.  of  this  solution  contained  0*28216  grm.,  and  every  liter 
•8215  grams  of  the  crystalline  oxide.  A  second  portion  was  then 
eated  with  distilled  water  to  100°,  and  the  solution  kept  boiling 
3r  20  minutes.  It  was  cooled  to  15°,  allowed  to  stand  24  hours, 
nd  filtered;  on  analysis  each  1 00  c.  c.  contained  2']  873  grams, 
nd  one  liter  21*873  grams,  a  quantity  nearly  eight  times  greater 
ban  in  the  first  experiment.  Such  a  difference  can  only  be  ex- 
lained  on  the  hypothesis  that  during  the  boiling  a  molecular 
hange  takes  place,  resulting  in  the  conversion  of  the  crystalline 
ito  the  amorphous  form.  Upon  testing  the  amorphous  variety, 
repared  by  heating  the  pulverized  ciystals  in  a  flask,  to  a  high 
Bmperature,  it  was  found  that  water  which  had  been  agitated, 
pon  the  oxide  at  16°  for  24  hours,  contained  0*0306  grm.  in  100 
.  c,  and  9*306  grms.  in  one  liter.     Finally,  tbe  amoT^\iO\3L%  o^\^^ 
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was  boiled  with  water  for  several  minutes,  the  mixture  cooled  to 
15®  and  allowed  to  stand  24  hoars.  The  filtered  solution  con- 
tained d'4056  grams,  the  liter  34*056  grams  of  this  variety.  The 
difference  in  solubility  at  15°  of  the  two  forms  is  consequeDtly 
much  greater  than  at  100®.  One  part  of  the  crystallized  oxide 
requires  at  15°,  355,  one  part  of  the  amorphous  at  15°  requires  108 
parts ;  one  part  of  the  crystallized  at  100°  requires  46  parts,  and 
one  part  oi  the  amorphous  at  100°  requires  30  parts  of  water  for 
solution. — J.pr.  Ch,y  II,  viii,  234,  Dec,  1873.  g.  f.  r 

5.  On  the  Constitution  of  Anthracene. — Two  views  are  held 
upon  the  constitution  of  anthracene ;  one  that  its  two  CH  ^roapfi 
are  united  directly  together  and  then  are  united  to  the  two  benrx)! 
nuclei;  the  other  that  these  groups  are  united  to  these  nuclei 
separately.  The  former  view  would  make  anthracene  belong  to 
the  1 :  4  or  para  series  and  may  be  formulated  thus : 

t CHCH  ) 
CgH^  ■< J.  CgH^  ;  the  latter  regards  anthracene  as  a  1:2  or 

ortho-derivative,  which  maybe  thus  written:  C^H^  •<   .      v  C^H^. 

For  the  former  view,  the  fact  is  urged  that  sotid  tolyl-phenyl-ketone 
heated  with  soda-lime,  yields  paratoluic  acid  and  benzol,  and  hence 
belongs  to  the  para-series.  But,  since  this  ketone  ^ives  the  same 
benzoyl-benzoic  acid  on  oxidation  as  benzyl-toluol,  it  follows  that 
this  latter  body,  and  consequently  the  anthracene,  which  is  derived 
from  it  by  the  action  of  heat,  belongs  to  the  para-series.  Finding 
that  the  solid  tolyl-phenyl-ketone  did  not  afford  anthracene,  Bkhr 
and  Van  Dorp  were  led  to  suspect  the  existence  of  two  isomeric 
benzyl-toluols,  one  of  which  afforded  the  anthracene,  while  the 
other  gave  the  para-benzoyl-benzoic  acid.  They  consequently 
pre])ared  the  two  tolyl-phenyl-ketones  and  submitted  them  to  in- 
vestigation. The  liquid  ketone  afforded,  on  oxidation  with  chro- 
mic acid,  beside  some  para-benzoyl-benzoic  acid,  the  /i^-benzoyl- 
benzoic  acid  of  Zincke.  Oxidation  with  manganese  dioxide  and 
sulphuric  acid  gave  in  addition  anthraquinone.  The  solid  ketone 
save  only  para-benzoyl-benzoic  acid  in  both  cases.  The  liquid 
ketone  passed  over  ignited  zinc  dust  yields  /J^-benzyl-toluol,  which 
then  condenses  to  anthracene ;  while  the  solid  ketone  thus  treated 
gave  an  oil  boiling  at  285°,  having  the  composition  of  benzyl- 
toluol  and  affording  para-benzoyl-benzoic  acid  on  oxidation.  It 
is  therefore  para-benzyl-toluol.  It  affords  no  anthracene  on  pass- 
ing its  vapor  through  a  red-hot  tube.  Hence  Behr  and  Van  Dorp 
regard  their  suspicion  as  established,  and  believe  that  anthracene 
cannot  be  a  para-derivative  of  benzol.  They,  however,  regard  it 
as  a  1 :  2  or  ortho-derivative,  and  assign  to  it  the  second  of  the 
above  formulas. — Her.  Bed.  Chem.  6re*.,  vii,  16,  Jan.,  1874. 

G.    F.    B. 

6.  On  a  new  Amyl  Alcohol, — Backhoven  has  obtained  a 
dextro-rotatory  amyl  alcohol  from  fusel  oil.  The  following  are 
the  conclusions  of  his  paper  :  (1)  When,  from  commercial  fusel  oil, 
amyl-sulphuric  acid  is  prepared  by  means  of  oil  of  vitriol,  and 


Chemistry  and  Physics.  511 

this  is  converted  into  barium  amyl-sulphate,  the  kind  of  salt  ob- 
tained is  determined  by  (A)  the  quantity  of  sulphuric  acid  added, 
and  (B)  the  temperature  of  the  mixture.  (2)  With  unequal  quan- 
tities of  alcohol  and  sulphuric  acid,  a  portion  of  the  amyl-sul- 
phuric  acid,  mixed  with  decomposition  products,  separates  out  as 
an  oily  liquid.  This,  when  washed  with  water  and  neutralized, 
gives  salts  which  in  their  rotatory  power  are  different  from  those 
obtained  from  the  amyl-sulphuric  acid  which  the  water  has  dis- 
solved. In  this  way,  not  only  a  laBvo-,  but  also  a  dextro-active 
salt  is  obtained,  and  also  the  corresponding  alcohols.  The  com- 
position of  these  salts  is  the  same.  (3)  Distillation  of  commercial 
amyl  alcohol  with  sodium  hydrate  in  excess  gives  an  optically 
active  dextro-rotatory  alcohol.  (4)  The  rotatory  power  of  the 
radical  C^H^.  is  in  barium  amyl-sulphate  five  times  as  great  as 
under  otherwise  equal  conditions  it  is  in  the  alcohol  prepared 
from  these  salts. — J.  pr.  Ch.y  II,  viii,  272.  g.  f.  b. 

7.  A  new  JSynthesis  of  Alcohols. — Wagner  and  Saytzeff  have 
obtained  an  amyl  alcohol  by  the  action  of  a  mixture  of  ethyl 
iodide  and  zinc  upon  ethyl  formate.  Judging  from  the  mode  of 
its  formation,  they  consider  it  to  be  a  secondary  alcohol,  probably 

C  H 

TT*    *.    They  are  at  present  engaged  in  study- 

OH 

also  the  products  obtained  by  employing  the 
iodides  of  the  other  alcohol  radicals.  They  are  investigating,  in 
addition,  the  action  of  the  organic  zinc  compounds  on  the  ethers 
of  the  fatty  series  generally. — JBer.  BerL  Vhem,  Ges.y  vi,  1542, 
Jan.,  1874.  g.  f.  b. 

8.  On  CoenUignone, — About  a  year  ago,  Liebermann  discov- 
ered a  remarkable  blue  substance  under  the  above  name,  obtained 
from  the  crude  pyroligneous  acid  of  beech  wood.  As  it  yielded  a 
colorless  crystalline  body  on  reduction,  he  suggested  that  it  was 
derived  from  this  body,  probably  a  phenol,  existing  in  the  acid. 
HoFMANN  has  recently  confirmed  this  prevision.  Having  received 
some  of  the  last  portions  of  the  distillate  of  beech  wood  naphtha, 
in  the  form  of  a  brown  oil,  he  separated  from  it  a  colorless  liquid 
boiling  at  270°,  having  a  strong  creosote  odor  and  giving  crystal- 
line salts  with  the  fixed  alkalies  and  with  ammonia.  In  contact 
with  potassium  dichromate,  it  at  first  turned  brown,  and  then 
solidified  to  a  mass  of  violet  crystals,  having  all  the  properties  of 
coerulignone.  An  analysis  of  the  crystals  gave  for  tnem  the  for- 
mula CjgHj.Og,  Further  researches  upon  it  are  in  progress. — 
Ber.  BerL  Vhem,  Ges,y  vii,  78,  Jan.,  1874.  g.  f.  b. 

9.  Elongations  due  to  Electricity. — ^Mr.  H.  Streintz  has  con- 
ducted a  series  of  experiments  on  the  change  of  length  of  bars  of 
various  metals,  when  traversed  by  electric  currents.  The  change 
in  length  is  measured  by  levers  and  mirrors,  in  which  the  reflec- 
tion of  a  graduated  scale  is  viewed  with  a  telescope.  To  elimin- 
ate the  eTOct  due  to  the  increase  of  temperature  'pto^wee^V^  vJtSkfc 
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current,  the  bar  was  covered  with  stearine,  and  the  strength  of  the 
battery  so  adjusted  that  the  point  of  fusion  should  be  just  attained. 
The  current  was  then  broken  and  the  measurement  repeated  at 
the  same  temperature  by  immersing  the  wire  in  a  bath  of  melted 
stearine.  From  these  observations  he  obtains  the  following  con- 
clusions:— 

1  St.  The  galvanic  current  produces  no  other  modification  in  the 
elasticity  of  a  conducting  wire  than  that  due  to  the  elevation  of 
temperature  produced. 

2d.  Under  the  action  of  the  current,  the  conductor  expands 
more  than  when  it  is  brought  to  the  same  temperature  without 
the  current ;  tempered  steel  alone  forms  an  excctption  to  the  rule. 

dd.  The  galvanic  dilatation  does  not  show  itself  at  the  very  in- 
stant when  the  current  is  closed,  but  gradually,  like  the  expansion 
produced  by  heat. 

4th.  The  galvanic  dilatation  does  not  appear  to  be  the  conse- 
quence of  an  electro -dynamic  repulsion,  but  results  rather  from  a 
heat  polarization  or  change  of  plane  {orienicUian)  of  the  vibrations 
of  heat. 

The  ratio  of  the  expansions  produced  by  heat  and  electricity 
equals  for  platinum,  '26 ;  for  copper,  '16 ;  for  soft  iron,  -22 ;  for 
hard  iron,  '13;  and  for  hardened  steel,  in  one  case  ^*01. — BibL 
Uhiv.y  194,  p.  143.  B.  a  P. 

10.  Selenium  Photometer, — ^The  Eabl  of  Rossb  has  made  some 
experiments  ou  the  changes  which  take  place  in  the  electrical  re- 
sistance of  selenium,  when  exposed  to  light,  to  see  how  far  these 
variations  may  be  due  to  changes  of  temperature.  He  exposed  a 
bar  of  selenium  to  the  light  of  a  candle,  at  a  distance  of  four 
inches,  and  found  its  resistance  diminished  24  per  cent.  A  vessel 
of  hot  water  nine  inches  in  diameter,  and  placed  at  a  distance  of 
seven  inches,  produced  no  perceptible  effect.  On  the  other  hand, 
a  thermopile  and  Thomson's  galvanometer  gave  in  the  first  case  a 
deflection  of  315  divisions,  and  in  the  second  136,  when  the  water 
was  thirteen  inches  distant.  The  effect  of  the  candle  on  the  flame 
was  next  determined  when  a  plate  of  glass  was  interposed  ;  the 
effect  was  slight,  the  diminution  in  resistance  being  90  per  cent  of 
what  it  was  before.  The  thermopile,  on  the  other  hand,  showed 
that  but  48  per  cent  was  transmitted.  A  solution  of  alum  inter- 
posed in  the  same  way  gave  95  per  cent  by  the  selenium,  and  only 
7  per  cent  by  the  thermopile.  Having  thus  shown  the  com- 
parative if  not  absolute  insensibility  of  selenium  to  radiant  heat 
of  low  refrangibility,  and  that  therefore  it  could  not  replace  the 
thermopile,  he  proceeded  to  determine  the  law  of  the  change  in 
resistance  with  variations  of  the  light.  In  the  following  table 
the  columns  marked  I.  give  the  distance  of  the  light  in  inches; 
those  marked  D.  the  corresponding  decrease  in  resistance  in  pe^ 
cent  ages. 


Chemistry  and  Physics. 


618 


I. 

D. 

I. 

D. 

2-5 

38 

10 

11 

5- 

27 

22-5 

10 

7- 

22 

44*5 

3-8 

9- 

21 

75 

1-6 
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15 

e  presence  of  moisture  rendered  the  effect  feeble  and  uncertain, 
>bably  owing  to  the  deposit  of  a  very  slight  film  of  moisture  on 
J  surface  of  the  bar. — Phil,  Mag,^  xlvii,  161.  k.  c.  p. 

11.  AcoxMtic  Transparency  and  Opacity  of  the  Atmottphere. — 
of.  Tyndall,  in  a  recent  lecture  at  the  Royal  Institution,  de- 
ibes  some  experiments  on  the  comparative  ease  with  which 
inds  are  transmitted  through  the  air  on  different  days.  Various 
mds  were  employed,  large  trumpets  or  horns  sounded  by  steel 
ids,  whistles  like  those  of  a  locomotive,  and  cannon.  The  observ- 
I  on  board  of  a  steamer  moved  to  and  fro  until  the  limit  of  au- 
nlity  was  reached.  The  following  are  a  portion  of  the  results 
tained. 

Diay  19th.  Wind  strong.  At  two  miles  the  whistles  became  so 
nt  as  to  be  useless  as  fog-signals ;  at  three  miles  the  same  was 
le  of  the  horns ;  at  four  miles  neither  could  be  heard. 
Itf  ay  20th.  At  three  miles  whistles  inaudible ;  faint  sound  of  horn 
strd  at  six  miles.  Going  out  a  little  further,  an  18-pounderwas 
3d  with  a  three  pound  charge,  and  was  distinctly  heard.  Even 
0*7  miles  a  similar  sound  was  faintly  audible.  This  would  seem 
prove  the  complete  superiority  of  cannon  over  horns  as  fog-sig- 
Is ;  but  on  other  days  this  result  was  completely  reversed. 
Tune  3rd  was  dark  and  threatening,  with  a  faint  haze  in  the  air, 
t  the  horns  were  audible  at  nine  miles.  A  heavv  rain-shower 
proached,  but  its  presence  produced  no  effect  on  the  sounds. 
I  uly  3rd  was  a  lovely  momm^,  with  the  air  calm  and  sea  smooth. 
3f  miles  nothing  was  heard ;  at  two  miles  the  howitzer  and 
►rtar  were  barely  audible,  and  the  18-pounder  unheard.  In  the 
ernoon  a  cloud  covered  the  sun,  when  at  3f  miles  the  guns  were 
Qtly  audible.  As  it  grew  later,  the  sounds  became  more  audible, 
that  at  7f  miles  tbev  were  easily  heard.  The  master  of  the 
,me  lightship,  12{  miles  distant,  after  5  p.  m.  heard  the  sounds, 
m  the  whistles,  distinctly.  Accordingly  at  12  miles  the  sounds 
re  more  audible  in  the  evening  than  at  two  miles  in  the  day  ; 
\  mere  presence  of  a  cloud  and  lowering  of  the  sun,  increased 
$  acoustic  transparency  of  the  atmosphere  forty  times. 
The  explanation  of  these  curious  effects  is  found  in  the  observa- 
us  of  Humboldt  at  the  Falls  of  the  Orinoco,  which  he  found 
"ee  times  louder  by  night  than  by  day,  notwithstanding  the 
iater  noise  of  beasts  and  insects  at  that  time.  He  accounted  for 
>y  the  unequal  density  of  the  air,  caused  by  the  heating  of  the 
iks  scattered  over  the  plain  between  him  and  the  falls.  He  found 
it  the  rocks  became  30°  hotter  than  the  surrounding  grass,  and 
ice  formed  the  base  of  a  column  of  hot  air,  from  the  surface  of 
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which  continual  reflections  of  the  sound-wave  took  place.  In  tbe 
same  way,  at  sea  the  heat  of  the  sun  produced  copious  evaporation 
and  the  vapor  in  rising  would  mix  irregularly  with  the  air,  which 
would  reflect  the  sound  like  the  columns  of  hot  air. 

It  thus  appears  that  on  a  perfectly  calm  day  a  stratum  of  lur 
three  miles  thick  is  capable  of  stifling  both  the  cannonade  and  fog 
sounds.  All  the  observations  point  to  the  mixture  of  air  and  aqse- 
ous  vapor  as  the  cause  which  could  fill  the  air  with  an  (icoudie 
cloud  on  a  day  of  the  most  perfect  optical  transparency.  If  thii 
explanation  is  correct,  the  sound  cut  off  by  the  vapor  should  be 
reflected,  thus  producing  an  echo,  a  result  fully  verified  by  obserra- 
tion.  Still  more  marked  effects  were  obtained  with  a  Brown^s 
steam  syren.  The  morning  of  October  8th  was  remarkably  clear; 
at  5i  miles  the  horns  were  heard  feebly,  the  syren  clearly.  In  the 
afternoon  it  clouded  up,  rained  and  hailed  with  almost  tropical  vio- 
lence. In  the  midst  of  this  furious  squall  both  horn  and  syren 
were  heard,  and  when  the  shower  lightened,  thus  lessening  the  lo* 
cal  pattering,  the  sounds  so  increased  that  at  7^  miles  they  were 
more  audible  than  before  the  shower  at  five  miles.  This  observa- 
is  utterly  opposed  to  the  statement  of  Durham  and  others,  regard- 
ing the  stifling  influence  of  falling  rain  on  sound. 

On  Dec.  10th,  during  a  dense  fog,  some  experiments  were  made  in 
London  of  a  similar  nature.  Sounds  were  then  heard  at  double 
the  distance,  as  distinctly  as  on  Dec.  Idth,  when  the  fog  was  re- 
placed by  a  slight  haze. 

Finally,  to  imitate  these  effects  experimentally,  an  instrument 
was  devised  by  Mr.  Cottrell,  consisting  of  a  long  box  through  which 
25  sheets  of  coal  gas  could  be  made  to  ascend,  and  between  them 
descending  films  of  carbonic  acid.  At  one  end  of  the  box  was 
placed  an  electric  ball  in  a  padded  box,  with  a  single  opening  in 
It.  At  the  other  end  was  a  funnel  with  a  sensitive  flame  opposite 
its  small  end.  When  the  box  contained  air  only,  at  each  stroke  of 
the  bell  the  flame  responded,  so  that  its  length  was  greatly  less- 
ened and  emitted  a  musical  roar  when  the  bell  sounded  continually. 
When  now  the  gases  were  admitted,  the  sound  was  completely  cut 
off  bv  reflection  from  the  interposed  surfaces,  so  that  the  flame 
remained  perfectly  tranquil. — Aature,  ix,  251,  267.  e.  c  p. 

12.  Reflection  of  Sound  by  Flanie. — Mr.  Cottrell  has  recently 
performed  some  experiments  of  the  division  of  sound  by  a  layer 
of  flame  or  heated  gas  into  a  reflected  and  transmitted  portion. 
A  vibrating  bell  contained  in  a  padded  box  was  directed  so  as  to 
propagate  a  sound-wave  through  a  tin  tube,  and  its  action  rendered 
manifest  by  its  causing  a  sensitive  flame,  placed  at  a  distance  in 
the  direction  of  the  sound-wave,  to  become  violently  agitated. 

The  invisible  heated  layer  immediately  above  the  luminous  por- 
tion of  an  ignited  coal-gas  flame,  issuing  from  an  ordinary  bats- 
wing  burner,  was  allowed  to  stream  upward  across  the  end  of  the 
tin  tube  from  which  the  sound-wave  issues.  A  portion  of  the  sound- 
wave issuing  from  the  latter  was  reflected  at  tne  limiting  surfaces 
of  the  heated  layer ;  and  a  part  being  transmitted  through  it,  was 
now  only  competent  to  ft\\^\i\\^  ^%\\»X>^  tb^  sensitive  flame. 
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The  heated  layer  was  then  placed  at  such  an  angle  that  the  re- 
flected portion  of  the  sound- wave  was  sent  through  a  second  tin 
tabe  (of  the  same  dimensions  as  the  above),  and  its  action  rendered 
visible  by  its  causing  a  second  sensitive  flame,  placed  at  the  end 
of  the  tube,  to  become  violently  affected.  This  action  continued 
so  long  as  the  heated  layer  intervened ;  but  upon  its  withdrawal, 
the  first  mentioned  sensitive  flame,  receiving  the  whole  of  the  direct 
pnlse,  became  again  violently  agitated,  and  at  the  same  moment 
the  second  sensitive  flame,  ceasing  to  be  affected,  returned  to  its 
former  tranquility. — Nature^  ix,  384.  b.  c.  p. 

IL  Geology  and  Natukal  Histoby. 

1.  On  Mountain  JSculptttre  tn  the  Sierra  Nevada^  and  the 
method  of  glacial  erosion;  by  E  S.  Cabb. — After  speaking  of 
the  divisional  planes  in  the  granites  of  the  Sierra  Nevada,  Prof. 
Carr  remarks  as  follows. — The  greatest  check  to  the  free  play  and 
controlling  power  of  these  divisional  planes  is  the  occurrence,  in 
immense  numbers  and  size,  of  domes,  cones,  and  round  wave^ridges, 
together  with  an  innumerable  brood  of  modified  forms  and  com- 
binations. The  curved  cleavage  which  measures  and  determines 
these  rounded  forms  may  be  designated  the  dome  cleavage^  inas- 
much as  the  dome  is  apparently  the  most  perfect  typical  form  of 
the  group. 

Domes  of  close-grained  siliceous  granite  are  admirably  calculated 
to  withstand  the  action  of  atmospheric  and  mechanical  forces. 
Ko  other  rock-form  can  compare  with  it  in  strength ;  no  other 
offered  so  unflinching  a  resistance  to  the  tremendous  pressure  of 
the  glaciers.  A  dam  of  noble  domes  extends  across  the  head  of 
Tosemite  Valley,  from  Mount  Starr-King  to  North  Dome,  which 
was  effectually  broken  through  by  the  combined  force  of  the 
Hoffman  and  lenaya  glaciers ;  but  the  great  South  Lyell  glacier, 
which  entered  the  valley  between  Starr  King  and  Half  Dome,  was 
unable  to  force  the  mighty  barrier,  and  the  approach  of  the  long 
summer  which  terminated  the  glacial  epoch  found  it  still  mazing 
and  swedging  compliantly  among  the  strong  unflinching  bosses, 
just  as  the  winds  are  compelled  to  do  at  the  present  time. 

The  Starr^King  group  of  domes  is  perhaps  the  most  interesting 
of  the  Merced  basin.  The  beautiful  conoid,  Starr  King,  the  loftiest 
and  most  perfect  of  the  group,  was  one  of  the  first  to  emerge  from 
the  Glacial  sea.        *        *        * 

There  appear  to  be  no  positive  limits  to  the  extent  of  dome 

Btmcture  in  the  granites  of  the  Sierra,  when  considered  in  all  its 

numerous  modifications.     Rudimentary  domes  exist  everywhere, 

waiting  their  development,  to  as  great  a  depth  as  observation  can 

reach.     The  western  flank  was  formerly  covered  with  slates,  which 

have  evidently  been  carried  off  by  glacial  denudation  from  the 

middle  and  upper  regions ;  small  patches  existing  on  the  summits 

and  spurs  of  the  Hoffman  and  Merced  Mountains  are  all  that  are 

DOW  left.     When  a  depth  of  two  or  three  thousand  feet  below  t*W 

Am.  Jour.  Sci.— Third  Sbribs,  Vol.  VII,  No.  41.— MjlT,  18n\. 
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bottom  of  the  slates  is  reached,  the  dome  stmctare  prevails  almost 
to  the  exclusion  of  others.  As  we  proceed  southward  or  Q(»rth- 
ward  along  the  ohain  from  the  region  adjacent  to  Tosemite  ValliBy, 
dome  forms  gradually  become  less  perfect.         ♦         *         * 

Glacial  erosion, — No  matter  how  abundant  the  glacial  force, 
a  vertical  precipice  can  not  be  produced  unleM  its  cleavage  he  ver- 
ticcU,  nor  a  dome  without  dome  structure  in  the  rock  acted  upon. 
Therefore,  when  we  say  that  the  glacial  ice-sheet  and  separate 
glaciers  molded  the  mountains,  we  must  remember  that  their 
molding  power  upon  hard  granite  possessing  a  strong  physical 
structure  is  comparatively  slight.  In  such  hard,  strongly  hailt 
granite  regions,  glaciers  ao  not  so  much  mold  atid  shape  as  dii- 
tnter  forms  alreadg  conceived  and  ripe.  The  harder  the  rock,  and 
the  better  its  specialized  cleavage  planes  are  developed,  the 
greater  will  be  tne  degree  of  controlling  power  possessed  by  it 
over  its  own  forms,  as  compared  with  that  of  the  disinterring  gla- 
cier ;  and  the  softer  the  rock  and  more  generally  developed  its 
cleavage  planes,  the  less  able  will  it  be  to  resist  ice  action  and 
maintain  its  own  forms.  In  general,  the  grain  of  a  rock  determine 
its  surf  ace  forms  ;  yet  it  would  matter  out  little  what  the  grain 
might  be — straight,  curved,  or  knotty — if  the  excavating  and 
sculpturing  tool  were  sharp,  because  in  that  case  it  would  cut 
without  reference  to  the  grain.  Every  carpenter  knows  that  only 
a  dull  tool  will  follow  the  grain  of  wood.  Such  a  tool  is  the  sla- 
cier,  gliding  with  tremendous  pressure  past  splitting  precipices 
and  smooth-swelling  domes,  flexible  as  the  wind,  yet  hard-tempered 
as  steel.  Mighty  as  its  effects  appear  to  us,  it  has  only  developed 
the  predestined  forms  of  mountain  beauty  which  were  ready  and 
waiting  to  receive  the  baptism  of  light. —  Overland  MonMyy 
May,  .1874. 

2.  Note  on  the  recent  Volcanic  Action  in  Hawaii/  by  T.  CoAir, 
from  a  letter  to  J.  D.  Dana,  dated  Hilo,  Hawaii,  Jan.  6th,  1874. — 
You  are  aware  that  the  great  summit  crater  of  Mauna  Loa, 
Mokuaweoweo,  has,  for  a  number  of  years,  shown  but  few  and 
feeble  symptoms  of  activity,  until  the  past  year.  For  a  few  dap 
in  August,  1872,  there  was  a  brilliant  light  in  the  crater;  and 
again  on  the  6th  and  7th  of  Jan.,  1873,  there  were  vivid  demon- 
strations, which  roused  the  attention  of  many  witnesses.  But  it 
was  not  until  the  20th  of  April,  187d»  that  a  continuous  exhibi- 
tion of  mountain  pyrotechnics  commenced.  From  that  day  to 
the  present,  now  almost  nine  months,  the  action  within  the  great 
cauldron  has  not  remitted.  Most  of  the  time  the  boiling  has  been 
vehement,  and  the  scene  was  never  more  brilliant  than  a  few 
nights  ago.  Sustained  jets  of  molten-rock  were  constantly  rising 
60  to  200  feet  within  the  mural  caldron,  and  the  surgings,  puff 
ings  and  roarings  have  been  heard  low  down  the  sides  of  the 
mountain,  and,  as  some  testify,  as  far  as  Keed's  Ranch,  probably 
fifteen  miles. 

But  the  great  marvel  of  this  eruption  is  its  duration.  We  have 
seen  nothing  like  it  before  in  this  crater.     The  eruption  of  1855-6 
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flowed  fifteen  mouths ;  but  this  rent  the  mountain  laterally  and 
flowed  longitudinally ;  whereas  the  present  eruption  has,  as  far  as 
we  know,  made  no  lateral  vent  and  found  no  outlet.  The  action 
is  Tertical,  and  it  is  simply  a  gigantic  mountain-pot  of  boiling 
lavas. 

Can  you  tell  what  sustains  these  Plutonic  fires,  and  lifts  those 
burning  columns  and  agitates  that  fiery  abyss  at  the  height  of 
nearly  14,000  feet?  What  are  the  forces  which  move  or  shake 
with  so  terrific  power  the  foundations  beneath  us  ? 

ITikiueay  during  all  this  time,  has  been  unequally  active.  Some- 
times the  action  has  been  intense  and  the  illuminations  brilliant ; 
and  again  Madam  Pele  has  been  quiet. 

But  the  great  depression  in  Eilauea,  caused  by  the  eruption  of 
1868,  is  fast  filling  up  by  repeated  overflows  from  the  south  lake, 
while,  all  around  that  lake,  a  vast  mound  is  rising,  whose  summit 
is  near!  V  as  high  as  the  southern  rim  of  Eilauea,  and  it  may  soon 
overlook  it. 

3.  On  the  Mineral  resources  and  Geology  of  the  State  of  Quere- 
tarOy  Mexico;  by  SbH^ob  Mabiano  Babcena.  A  memoir  (in 
Spanish)  presented  to  the  Director  of  the  School  of  Engineers, 
Mexico,  and  published  under  the  direction  of  the  Minister  of  Jus- 
tice and  Public  Instruction.  28  pp.  4to.  Mexico.  1873. — After 
describing  the  mineral  localities  of  Queretaro,  which  include  mines 
of  gold,  cinnabar,  native  silver  and  tetrahedrite,  galena  and  man- 
ganese ore,  besides  the  opals  mentioned  in  a  former  number  of 
Uiis  Journal,  Senor  Barcena  in  his  valuable  memoir  treats  of  the 
geology  and  physical  geography  of  the  State.  He  distinguishes 
three  formations,  the  Cretaceous,  Tertiary  and  Quaternary.  The 
Cretaceous  extends  across  the  State  from  east  to  west,  and  con- 
tains fossils  of  the  genera  Crania,  Hippurites,  Nerinsea,  and  other 
Cretaceous  forms.  The  occurrence  of  these  Cretaceous  beds 
shows  that  the  i^gion  of  the  Sierra  Gorda  was  submersed  dur- 
ing that  period.  The  trachytic  rocks  of  the  State  belong  for 
the  most  part  to  the  Tertiary  period. 

Remains  of  the  Mastodon  and  Elephant  occur  in  the  Quaternary 
of  the  valleys.  Following  the  geological  chapters  are  others  on 
the  Archseology,  Flora  and  Fauna,  Statistics  and  History  of  the 
State. 

It  is  much  to  be  desired  that  the  work  ,which  SeSior  Barcena  has 
BO  ably  performed  for  Queretaro,  should  be  extended  by  others 
over  all  the  Mexican  States. 

.  4.  Report  of  Progress  of  the  Geological  Survey  of  Canada^ 
^or  1872-1873;  Alfred  C.  Selwyn,  F.G.S.,  Director.  300  pp. 
8vo.  Montreal,  1873.  (Dawson  Bros.) — This  volume  contams 
Reports  by  Mr.  Selwyn,  the  Director  of  the  Survey,  J.  Richardson, 
Dr.  Dawson,  Mr.  E.  Billings,  Dr.  Harrington,  Mr.  Robert  Bell, 
Mr.  McQuat,  Mr.  H.  G.  Vennor ;  on  part  of  New  Brunswick,  by 
Prof  Bailey  and  Mr.  Matthew  ;  on  the  coal  mines  of  Cape  Bi*eton 
by  Mr.  Charles  Robb.  Mr.  Selwyn,  in  his  notes  on  a  Geological 
E&econnaisance  from  Lake  Superior  to  Fort  Garry,  remarks  respect- 
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ing  the  so-called  (on  lithogical  grounds)  Hnronian  Rocks  observed 
on  the  route  between  Lac  des  Mille  Lacs  and  Separation  Lake, 
and  thence  via  Sandy  Lake  to  the  Lake  of  the  Woods,  resemble  as 
closely  the  chloritic,  epidotic,  and  dioritic  strata  of  the  altered 
Quebec  group  as  they  do  those  which  on  the  shores  of  Lakes  Huron 
and  Superior  are  referred  to  the  Huronian  series ;  and  that  a  sim- 
ilar series  of  rocks  about  Lakes  Mistassini  and  Abbitibbe,  oye^ 
lying  the  Laurentian  gneiss  ^like  the  others),  are  also  probably  of 
the  Quebec  group.  Mr.  Billings  found  that  the  Mistassini  8e^ 
pentinous  limestones  contain  corals  related  to  Tetradium;  and 
the  rocks  of  Abbitibbe  are  so  closely  like  those  of  the  former 
place  that  they  are  probably  of  the  same  formation.  This  being 
so,  Mr.  Selwyn  remarks  that  ^^  it  becomes  an  interesting  question 
in  what  way  they  are  related  to  the  Huronian  series  of  Lakes 
Huron  and  Superior." 

The  report  by  Mr.  Richardson,  with  those  on  the  fossils  of  the 
coal  beds  of  Vancouver's  Island  and  vicinity,  are  of  great  interest 
Mr.  Richardson  states  that  on  Vancouver's  Island  the  productive 
Coal-measures,  (1^  93  9^  fleet  thick,  are  overlaid  by  (2)  lower  shales, 
1000  feet  in  thickness;  (3)  lower  conglomerate,  900  feet;  (4) 
middle  shales,  76  feet;  (5)  middle  conglomerate,  1100  feet;  (6) 
upper  shales,  776  feet ;  (7)  upper  conglomerate,  320  feet.  Numbers 
2  and  4  contain  Ammonites^  BaculiteSj  Inocerami  and  other  Cre- 
taceous species ;  and  numbers  6  and  7  contain  BelemiteB. 

5.  Texa^  Geological  Survey. — The  State  of  Texas  has  ordered  & 
Geological  and  Agricultural  Survey,  placing  it  in  charge  of  Prof 
S.  H.  Buckley.  Prof  Buckley  has  appointed  Pro£  Cousins  as 
chemist  of  the  survey.  Prof.  Burleson  as  first  assistant  geologist, 
and  Mr.  C.  E.  Hall,  son  of  Prof.  James  Hall,  as  assistant  in  the 
paleontological  department. 

6.  Annual  JReport  of  the  State  Geologist  of  New  Jersey  for 
the  year  1873. — This  Report  on  the  progress  of  the  Survey  during 
the  past  year  consists  largely  of  various  matters  of  economic 
importance,  such  as  the  drainage  of  some  tracts  of  land  on  the 
l^assaic  and  Pequest  Rivers.  Its  chief  geological  interest  lies  in 
the  description  of  the  Archsean  rocks  and  the  mines  of  magnetic 
iron  ore  occurring  in  them.  The  Archaean  region  is  subdivided 
into  four  belts  running  across  the  northern  part  of  the  State  in  a 
northeasterly  direction  (strike  N.  43°  K).  The  prevailing  rock  is 
a  Bvenitic  gneiss,  either  vertical  or  dipping  to  the  southeast,  with 
white  crystalline  limestone  occurring  largely  in  the  Passaic  and 
Pequest  oelts  (the  first  and  fourth  from  the  south).  Especial  atten- 
tion has  been  devoted  to  the  iron  mines,  upward  of  150  of  which 
are  described,  some  of  them  with  considerable  detail ;  numerous 
analyses  of  the  ore  add  to  the  value  of  the  rest.  A  well  executed 
map  in  two  sheets  represents  clearly  the  four  belts  of  Archaean 
alluded  to,  and  is  particularly  interesting  as  giving  a  good  idea 
of  the  relative  positions  and  number  of  the  outcrops  of  iron  ore, 

7.  Petrographische  Studien  an  den  Basaltgesteinen  Bohmens ; 
Dr.  E.  BoRiCKY.   Prag.,  1873  (Arbeiten  der  geolog.  Abtheilung  der 
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Landesdurchforschung  von  BOhmen,  II  Th.). — ^The  researches  of 
Borieky  extend  over  the  whole  range  of  basaltic  eruptions  in 
noi-them  Bohemia,  embracing  some  300  localities.  The  memoir 
contains  descriptions  of  all  the  important  varieties,  based  upon  an 
examination  of  800  microscopic  sections,  and  these  are  supple- 
mented by  eight  beautiful  colored  plates  representing  sections  of 
crystals  and  similar  matters.  The  chemical  side  of  the  subject 
has  also  received  due  attention,  as  the  large  number  of  analyses 
show,  and  in  addition  to  this  many  other  matters  of  interest  are 
discussed.  One  of  the  most  interesting  chapters  is  upon  the  Para- 
genesis  of  the  secondary  minerals  of  the  basalts. 

The  author  distinguishes  the  following  varieties  of  the  basalts  : 
I,  Magmabasalt ;  II,  Nephelinbasalt ;  in,  Leucitbasalt ;  IV,  Feld- 
sparbasalt;   V,  Trachybasalt ;   VI,  Tacylybasalt. 

8.  Ueber  die  Verbreitung  des  Kali  und  der  PhoephoraUure  in 
den  Gesteinen  BdhmenSy  Dr.  E.  Bobicky.  Prag.,  1872. — The 
author  gives  a  considerable  number  of  analyses  of  the  different 
classes  of  rocks  in  Bohemia,  and  discusses  their  relation  to  agri- 
cultural matters  through  the  potash,  or  phosphoric  acid,  contained. 

9.  Das  EJhthalgebirge  in  Sachsen ;  von  Dr.  H.  B.  Geinitz. — 
The  fourth  volume  of  the  second  part  of  this  great  work  has  just 
been  published.  It  contains  the  Fpraminifera,  Bryozoans,  and 
Ostracoids  of  the  Planer,  by  Dr.  Aug.  Hitter  von  Reuss.  The 
text  is  accompanied  by  nine  plates. 

10.  Proceeainga  of  the  California  Academy  of  Sciences, — The 
first  volume  of  the  Proceedings  of  the  Academy,  containing  a 
number  of  valuable  original  papers,  has  been  reprinted,  and  a  com- 
plete series  of  the  publications  of  the  Acadeniy  may  now  be  had. 

11.  On  Uhakyte,  an  epidotic  rock  from  the  unaka  range^  on  the 
borders  of  Tennessee  and  North  Carolina ;  by  F.  H.  Bradley. 
(Communicated.) — This  name  is  proposed  for  a  member  of  the 
granitic  series,  from  the  Great  Smoky  Mountains,  a  portion  of  the 
UnaJea  range  of  the  Blue  Ridge,  which  range  forms  the  boundary 
between  Tennessee  and  North  Carolina.  The  specimens  thus  far 
seen  are  from  the  slopes  of  the  peaks  known  as  '^  The  Bluff,'* 
"  Walnut  Mountain,"  and  "  Max's  Patch,"  in  Cocke  County,  Tcnn., 
and  Madison  County,  N.  C.  The  rock  is  said  to  occur  also  in 
Yancey  County,  N.  C.,  but  in  a  comparatively  inaccessible  region. 

The  character  relied  upon  for  the  separation  of  the  species  is  the 
constant  replacement  of  the  mica  of  common  granite,  or  the  horn- 
blende  of  syenite,  by  epidote.  The  amount  of  this  ingredient  pre- 
sent is  quite  variable,  in  some  cases  even  exceeding  one-halt  of 
the  whole  mass.  The  feldspar  present  is  orthoclase,  of  various 
shades  of  pink,  forming  from  one-fourth  to  perhaps  one-third  of 
the  whole.  The  quartz  is  mainly  white,  but  occasionally  smoky  : 
its  isolated  portions  form  but  a  small  par;,  say  one-fourth,  of  the 
mass :  it  is  veined  in  structure,  but  this  is  probably  not  a  con- 
stant character.  Small  grains  of  magnetite  are  scattered  through 
the  rock,  but  not  so  thickly  as  in  many  granites.  No  other  ingre- 
dients have  as  yet  been  detected.     Mr.  G.  W.  ^^^N^^^V'aSk^^VKt- 
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mined  the  specific  gravity  at  2*79.  The  rock  is  yery  compact  and 
takes  a  high  polish,  and  will  doubtless  proye  to  be  a  valuable 
material  for  ornamental  architecture. 

The  deep  weathering  of  all  the  rocks  of  the  Southern  Appala- 
chians has  caused  the  covering  of  most  of  these  mountain  slopes 
with  deep  beds  of  debris,  which  conceal  most  of  the  solid  out- 
crops ;  and  the  dimensions  of  the  bodies  of  unakyte  are  therefore 
as  yet  unknown.  Apparently  forming  part  of  the  same  series, 
there  are  heavy  beds  of  specular  iron-ore ;  and  the  whole  series  is 
referred  with  little  doubt  to  the  ArchsBan  age. 

12.  Analysis  of  "  Novaculite,^  or  "  Ouachita  WAetsiane^^^ frmn 
Hot  Springs^  Arkansas;  bjr  Mr.  C.  E.  WArr. — A  very  pure, 
snowy -white  specimen  of  this  beautiful  material,  which  has  oeen 
fairly  described  by  Dr.  D.  D.  Owen  in  his  ^*  Second  Geological 
Report  on  the  State  of  Arkansas,"  as  ^^  equal  in  whiteness,  close- 
ness of  texture,  and  subdued  waxy  luster,  to  the  most  compact 
forms  and  white  varieties  of  Carrara  marble,"  of  sp.  gr.  2'649, 
proved  to  consist  of :  Silica  99*635  (by  diff ),  alumina  O'l  1 8,  magnesia 
0*087,  sodium  oxide  0*165,  potassmm  oxide,  trace;  iron,  trace 
=  1 00*000.  The  silica,  or  at  any  rate  nearly  all  of  it,  appears  to 
be  in  the  crypto-crystalline,  not  in  the  amorphous  or  opaline  form, 
as  on  boiling  for  three  minutes  with  a  twenty  per  cent  solution  of 
sodium  hydrate  but  1*63  per  cent  of  the  mineral  was  dissolved,  and 
thirty  minutes'  boiling  only  led  to  3*56  per  cent  being  taken  up. 
— From  Notes  of  work  by  Students  of  Practicai  ChetniHry^  in  the 
Laboratory  of  the  University  of  Virginia^  Chemical  News^ 
Nov.  29,  1873. 

13.  Not^  on  IHckeringite  from  Missouri^  (in  a  letter  to  one  of 
the  editors,  from  G.  C.  Broadhead,  State  Geologist  of  Missouri, 
dated  St.  Louis,  Mo.,  March  3,  1874.) — The  Pickeringite  occurs  in 
efflorescences  on  sandstone  of  the  Lower  Coal-measures  in  Barton 
Countv,  Mo.  An  analysis  by  the  chemist  of  the  Geological  Su^ 
vey,  Mr.  R.  Chauvenet,  gives  the  following  for  its  composition: 
Sulphuric  acid  33*77,  alumina  10*58,  magnesia  2*92,  water  44*64= 
99*9L  This  nearly  corresponds  with  tlie  composition  given  for 
"  Pickeringite  "  on  page  653  of  Dana's  Mineralogy. 

14.  Synopsis  <f  the  Flora  of  Colorado  :  by  Thomas  C.  Porter 
and  J(MiN  M.  Coulter.  Washington,  Marcm  20,  1874,  Bvo,  pp. 
180. — A  prefatory  note  by  Dr.  F.  V.  Hayden  states  that  this  is 
"intended  to  be  a  type  of  a  series  of  handbooks  of  different 
branches  of  natural  history  ....  for  the  use  of  students  all  over 
the  country."  In  the  proper  preface,  which  takes  the  form  of  a 
"  Letter  to  the  geologist-in-charge,"  Prof.  Porter  enumerates  the 
various  collections  on  which  the  work  is  based,  as  Parry's,  Hall 
and  Harbour's,  Bell's,  HaydenV,  Brandegee's,  Porter's,  (joulter's, 
etc. ;  but  omits  Dr.  Vasey,  whose  collection  was  among  the  largest 
of  all,  although  no  list  was  published.  "  The  plan  followed  inihe 
Synopsis  is  that  of  Mr.  Watson  in  his  excellent  catalogue,  vol.  v 
of  Clarence  King's  Report,"  giving  characters  of  such  orders, 
genera  and  speeieB  as  are  wot.  melwd^d  lu  the  several  floras  of  the 
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Cis-Missigsippi  region.  After  returning  suitable  thanks  to  the 
botanists  wno  have  aided  the  authors  of  this  Synopsis,  the  writer 
adds :  ^*  References  to  the  authorities  consulted  and  used  are  to 
be  found  at  the  proper  places  in  the  body  of  the  work."  The 
Synopsis  enumerates  about  eleven  hundred  (1104?)  flowering 
plants,  and  about  two  hundred  and  eighteen  cryptogams.  Several 
new  species  of  phsenogams  are  proposed,  as  ClemcUis  Scottii^ 
Astrctgaiua  Braudegei^  Astr,  scopulorum,  Jiosa  Arkansana^ 
Erigerou  glandulo9um^  E,  CotUteri  and  Seneeio  rejiifolius^  besides 
a  couple  of  Mosses  (by  Mr.  Lesquereux  from  HalPs  collection), 
and  a  Fungus  by  Mr.  Peck.  Hall  and  Harbour's  plants  are 
generally  referred  to  by  numbers,  and  Parry's  are  sometimes ;  but 
a  search  through  the  pages  of  the  Synopsis  fails  to  discover  any 
reference  to  Dr.  Vasey's  collection.  Amon^  plants  collected  by 
Vasey  in  the  mountains  of  Colorado,  and  futogether  omitted  in 
this  Synopsis  are  Aster  Canbgi  Vasey  (No.  262) ;  Aplopappus 
lanceolatu8y  var,  Vaaet/i^  Parry  (No.  273),  and  Artemisia  araus- 
cula  Nutt.  (No.  308).  The  Last  two  are  described  in  Watson's 
report,  to  which  it  will  presently  appear  that  the  authors  con- 
stantly turned  for  assistance.  The  characters  given  to  the  genera 
and  species  not  contained  in  Gray's  and  Chapman's  floras  will  be 
found  exceedingly  useful  to  students  and  collectors.  Very  many 
of  the  plants  of  Colorado  have  hitherto  been  described  only  in 
various  rare  and  expensive  works,  or  in  the  transactions  of  learned 
societies,  so  that  ordinary  students  had  practically  no  means  of 
identifying  their  collections.  It  is  much  to  be  regretted,  however, 
that  the  writers  of  this  Synopsis  have  by  no  means  made  the 
**  references  to  authorities  consulted  and  used  "  which  it  is  said  in 
Dr.  Porter's  letter  that  they  have  made.  For  example:  the 
generic  characters  of  BrickeUia^  Towhsendia^  Machaerantheray 
Gutierreziay  Bigelovia^  Aplopappus,  Ghrindeliay  Franseria,  Heli<h 
meriSy  ChcenactiSy  Bahia^  Tetradymiay  StepJianomeriuy  CrepiSy 
NacrorrhynchuSy  Orthoearpus,  Moiiardellay  Giliay  Collomiay 
MirabiliSy  Abroniay  Sarcohatus  CalochortuSy  IdoydiOy  Leucocri- 
numy  Vaseyay*  Eriocomay  JPteuraphis  and  Beckmannia  are  taken 
with  no  alterations,  save  those  incidental  to  inaccurate  copying 
(e.  g.,  Bahia)y  from  Mr.  Watson's  report,  and  with  no  word  of 
acknowledgment  in  any  instance.  Even  when,  as  in  the  cases  of 
CercoearpuSy  Cleomey  Tellimay  Gayophytuniy  Jamesiay  etc.,  the 
reference  "  Benth.  and  Hook."  is  given,  the  writers  have  copied 
Bentham  and  Hooker  only  from  Mr.  Watson's  sometimes  amended 
and  always  modified  translations.  To  make  this  plainer  yet :  in 
Cercocarpus  Bentham  and  Hooker  say,  *' cotyledones  lincari- 
elongat«B,  radicula "  Watson  says,  '^  elongated  cotyle- 
dons, and  inferior  radicle."  The  authors  of  the  Synopsis  copy 
Watson's  words  here,  as  elsewhere,  and  indeed  there  is  no  evidence 
that  they  have  ever  even  seen  the  original  Latin  !  The  same  dis- 
ingenuous borrowing  appears  most  copiously  also  in  the  specific 

^  Vaseya  ocmuUa  Thurber ;  Colorado,  Yasejr  No.  634.     This  epeciea  surely  ml^b.t 
hftve  been  credited  to  Yiiflej. 


622  Sctentijic  IntelUgerMx. 

characters.     To  quote  any  considerable  portion  of  the  iostanoes 

were  a  tedious  task ;  the  following  examples  will  suffice.     ThJUu]^ 

alpestre^    Claytonia    Chtimissonis^    Cercoofirpus  paroifolitu  (an 

error  in  measurement  is  the  only  change),  Sedum  rKodanthum^ 

BrickeUia   Valifomicft^    Solid* tgo    Guiradanis    and  its  variety^ 

Solidago  pumila^  Franseria  Hookeriand^  ArUenruMria  alpina^  etc 

These  are  examples  of  exact  copying.     The  instances  where  the 

copying  is  as  real,  though  the  wording  is  slightly  varied,  are  mach 

more  numerous.     One  cannot  but  wish,  for  the  honor  of  American 

Botany,  that  when  Dr.  Porter  said  that  ^'  the  plan  followed  in  the 

Synopsis  is  that  of  Mr.  Watson,'^  he  had  added,  ^'  and  much  of  the 

descnptive  matter  is  also  taken  from  the  same  work.*' 

Daniel  C.  £aton. 
New  Haysk,  April  3d,  1874. 

That  the  principal  collaborator  in  Mr.  Watson's  volume  should 
call  attention  to  the  scanty  acknowledgement  of  the  free  use  made 
of  it  is  natural.  That  volume  is  a  model  in  its  way,  and  cost  an 
amount  of  faithful  labor  (to  say  nothing  of  talent)  which  only 
those  who  do  that  kind  of  work  can  fully  appreciate.  The  use 
made  of  it  in  the  synopsis  above  noticed  was  natural  and  proper 
enough.  That  the  lack  of  adequate  reference  to  it  in  the  brief 
preface  was  unintentional  on  Professor  Porter's  part,  we  were 
perfectly  confident.  The  assurance  received  from  him  that  it  was 
a  pure  inadvertance  is  accompanied  by  the  expression  of  bis  ^'  sin- 
cere regret."  a.  g. 

16.  On  t?ie  amount  of  pressure  in  the  sap  of  Plants  ;  by  Pro£ 
W.  S.  Clarke,  of  Amherst.  (Eleventh  Annual  Report  of  the 
Massachusetts  Agricultural  College,  January,  1874.) — It  only  re- 
mains to  state  in  a  few  words  the  results  obtained  by  the  applica- 
tion of  mercurial  gauges  to  the  sugar  maple,  the  black-birch  and 
the  grape-vine.  Observations  were  made  on  one  or  more  gauges 
several  times  daily,  and  occasionally  every  hour  of  the  day  and 
night,  from  the  I  st  of  April  to  the  20th  of  July. 

A  gauge  was  attached  to  a  sugar-maple,  March  3lBt,  which 
was  three  days  after  the  maximum  flow  of  sap  for  this  species, 
so  that  further  observations  art*  required  earlier  in  the  season  to 
complete  the  record  and  detennine  with  certainty  the  maximum 
pressure  which  it  exhibits  in  the  spring.  Of  the  record  made,  the 
following  facts  are  specially  interesting :  first  the  mercury  was 
subject  to  constant  and  singular  oscillations,  standing  usually  in 
the  morning  below  zero,  so  that  there  was  indicated  a  powerful 
suction  into  the  tree,  and  rising  rapidly  with  the  sun,  until  the 
outward  pressure  was  sufficient  to  sustain  a  column  of  water 
many  feet  in  height.  Thus  at  7  a.  m.,  April  21st,  there  was  a  suc- 
tion into  the  tree  sufficient  to  raise  a  column  of  water  25*90  feet. 
As  soon  as  the  morning  sun  began  to  shine  on  the  tree,  the  mer- 
cury suddenly  began  to  rise,  so  that  at  9.15  a.  m.  the  pressure  out- 
ward was  enough  to  sustain  a  column  of  water  18*47  feet  high,  a 
change  represented  by  more  than  44  feet  of  water.  On  the 
morning  of  April  22d  the  change  was  still  greater,  requiring  for 


Geology  and  Natural  History.  628 

its  representation  47*42  feet  of  water.  These  extraordinary  flac- 
tuations  were  not  attended  by  any  pecatiar  state  of  the  weather, 
and  happened  twelve  days  before  there  were  any  indications  of 
erowth  to  be  detected  in  the  buds.  These  observations  are  be- 
lieved to  be  quite  new,  and  as  yet  inexplicable,  but  will  receive 
farther  attention  another  spring. 

The  maximum  pressure  of  the  sap  for  the  season  was  observed 
at  10  A.  M.,  April  1 1th,  and  was  equal  to  sustaining  a  column  of 
water  31  '73  feet  high.  This  was  an  excellent  sap-day,  consider- 
ing the  lateness  of  the  season.  There  was  noticea  a  general  cor- 
respondence between  the  j9ow  of  s^p  in  other  maples  and  the  pres- 
sure on  the  gauge. 

After  April  29th  the  mercury  remained  constantly  below  zero, 
day  and  night.  During  the  month  of  May  there  was  a  uniform 
suction  equal  to  about  eight  feet  of  water,  and  the  unaccountable 
feature  of  this  fact  is,  that  though  apparently  produced  by  exhala- 
tion from  the  expanding  leaves,  it  remained  the  same,  day  and 
night,  for  several  weeks.  In  June  the  suction  gradually  lessened, 
and  finally  disappeared,  the  mercury  standing  steadily  at  zero. 

On  the  20th  of  April  two  gauges  were  attached  to  a  large  black 
birch,  one  at  the  ground  and  the  other  thirty  feet  higher.  The 
next  morning  at  six  o'clock  the  lower  gauge  indicated  the  aston- 
ishing pressure  of  56*65  feet  of  water,  and  the  upper  one  of  26*74 
feet.  The>  difference  between  the  indications  of  the  two  gauges 
was  thus  29 '92  feet,  while  the  actual  distance  between  them  was 
30*20  feet,  so  that  it  corresponded  almost  exactly  as  if  they  were 
connected  by  a  tube.  In  order  to  learn  whether  the  same  princi- 
ple would  prevail  if  the  upper  gauge  was  moved,  it  was  raised 
twelve  feet  nigher.  The  same  correspondence  continued  through 
nearly  all  the  observations  of  the  season,  notwithstanding  the 
gauges  were  separated  by  42*20  feet  of  close-grained  birch-wood. 

At  12.30  p.  M.,  April  21st,  a  hole  was  bored  into  the  tree  on  the 
side  opposite  to  the  lower  gauge,  and  at  the  same  level.  Both 
gauges  at  once  began  to  show  diminished  pressure,  while  sap 
issued  freely  from  the  orifice.  In  fifteen  minutes,  one  pound  of 
sap  having  escaped,  it  was  found  that  both  gauges  had  fallen 
equal  to  19*27  ieet  of  water.  Upon  closing  the  hole  the  gauges 
rose  in  ten  minutes  to  their  previous  level,  showing  that  the  root- 
lets had  re-absorbed  in  that  brief  period  the  sap  which  had 
escaped  from  the  tree,  notwithstanding  the  enormous  pressure 
already  existing. 

A  stopcock  having  been  inserted  into  the  hole  opposite  the 
lower  gauge,  it  was  found  that  the  communication  between  it  and 
the  two  gauges  was  almost  instantaneous,  which  appears  to  prove 
that  the  tree  was  entirely  filled  with  sap,  exerting  its  pressure  in 
all  directions  as  freely  as  if  standing  in  a  cylindrical  vessel  more 
than  sixty  feet  in  height,  as  indicated  by  the  lower  gauge.  The 
sap-pressure  continued  to  increase  until,  on  the  11th  day  of  May, 
it  represented  a  column  of  water  84*77  feet  in  height,  which  is 
believed  to  be  the  highest  pressure  of  vegetable  f^«k3j  ^^^t  Xi^^^^t^ 
recorded. 
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Tlie  buds  of  the  birch  now  began  to  expand,  the  pressare  of  the 
sap  to  diminish,  and  the  oscillations  of  the  mercury  to  become 
more  decided  and  regular  than  before.  The  upper  gauge  ceased 
to  vary  May  1 4th,  remaining  stationary  at  zero.  'Die  Tower  one 
declined  slowly  and  varied  greatly,  but  did  not  fall  below  lero 
until  May  18th.  On  May  27th  it  also  became  stationary  at  zera 
The  suction  manifested  by  the  birch  was  very  little,  never  exceed- 
ing nine  feet  of  water,  and  continued  only  for  a  few  days. 

fo  determine,  if  possible,  whether  any  other  force  than  the  vital 
action  of  the  roots  was  necessary  to  produce  the  eztraordinarv 
phenomena  described,  a  gauge  was  attached  to  the  root  of  a  blacx 
oirch-tree,  as  follows :  'Hie  tree  stood  in  moist  ground  at  the  foot 
of  the  south  slope  of  a  ravine,  in  such  a  situation  that  the  earth 
around  it  was  shaded  by  the  overhanging  bank  from  the  suil  A 
root  was  then  followed  from  the  trunk  to  the  distance  of  ten  feet, 
where  it  was  carefully  cut  off  one  foot  below  the  sur&ce,  and  a 
piee«  removed  from  between  the  cut  and  the  tree.  The  end  of 
the  root  thus  entirely  detached  from  the  tree,  and  lying  in  a  hori- 
zontal position  at  the  depth  of  one  foot,  in  the  cold,  damp  earth, 
unreached  by  the  sunshine,  and  for  the  most  part  unaffected  bj 
the  temperature  of  the  atmosphere,  measured  about  one  inch  ia 
diameter.  To  this  was  carefully  adjusted  a  mercurial  gauge, 
April  26th.  The  pressure  at  once  became  evident,  and  rose  con- 
stantly with  very  slight  fluctuations,  until,  at  noon  on  the  30th 
of  April,  it  had  attained  the  unequaled  height  of  85*80  feet  of 
water.  This  wonderful  result  showed  that  the  absorbing  power 
of  living  birch  rootlets,  without  the  aid  of  any  of  the  numeroiu 
helps  imposed  upon  them  by  ingenious  philosophers,  such  as  ex- 
halation, capillarity,  oscillation,  dilatation,  contraction,  etc.,  was 
quite  sufficient  to  account  for  the  most  essential  of  the  curious 
phenomena  connected  with  the  circulation  of  sap.  Unfortunately, 
in  an  attempt  to  increase  the  capacity  of  the  gauge,  the  bark  of 
the  root  was  injured,  and  this  most  interesting  experiment  termi- 
nated. There  can  be  little  doubt  that  future  trials,  carefully  con- 
ducted with  suitable  apparatus,  will  achieve  even  more  marvel- 
ous results. 

The  original  experiment  of  applying  a  mercurial  gauge  to  the 

f  rape- vine,  first  tned  by  Rev.  Stephen  Hales,  of  England,  one 
undred  and  fifty  years  ago,  was  repeated,  May  9th,  and  a  pres- 
sure of  49*52  feet  of  water  obtained,  May  24th.  This  is  six  and  s 
half  feet  higher  than  was  observed  by  Hales.  The  peculiar  fea- 
tures of  the  pressure  of  the  vine-sap  are :  its  lateness  in  the  sea- 
son ;  its  apparent  independence  of  the  weather ;  its  uniform  and 
moderate  rise,  day  and  night,  to  its  maximum ;  its  very  gradual 
decline  to  zero  without  any  marked  oscillations,  and  its  constant 
and  almost  unvarying  suction  of  from  4*5  to  6*5  feet  of  water, 
manifested  from  June  20th  to  July  20th,  when  the  observations 
ceased. 
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1.  7%e  newly  discovered  Crater  of  Maui,  (From  a  letter  of  T. 
M.  Alexander  to  the  editor  of  the  Hawaiian  Gazette,  dated  Dec. 
3,  1873.) — In  surveying  the  district  of  Kahakuloa  on  West  Maui, 
I  recently  discovered  volcanic  phenomena,  quite  remarkable  for 
any  of  our  islands  except  Hawaii.  I  ascended  the  mountain  two 
miles  west  of  Waihee,  along  the  sharp  crest  of  the  western  ridge 
of  Makamaole  Valley.  At  about  half  way  to  the  summit,  I  found 
a  crater  the  size  and  depth  of  that  of  Diamond  Head,  called 
Keahikano.  The  sides  within  and  without  were  covered  with  the 
usnal  vegetation  of  our  mountains,  mantled  over  all  the  trunks 
and  branches  with  thick  elegant  mosses,  and  interspersed  with  a 
few  palm  trees.  The  bottom  of  the  crater  and  the  greater  part  of 
the  mountain  above  to  the  summit  were  overspread  with  a  thick 
spongy  moss,  so  saturated  with  moisture  that  every  tread  of  the 
foot  would  press  out  a  pint  of  water.  Little  pools  of  water  ten 
or  fifteen  feet  in  breadth  were  also  very  numerous  over  this  place 
and  the  upper  portion  of  the  mountain.  Silver  sword  plants, 
strange  ferns,  violets,  a  species  of  daisy,  and  splendid  lo Delias, 
were  abundant.  But  what  especially  attracted  my  attention  was 
a  pit  in  the  center  of  the  crater,  extending  fifty  by  one  hundred 
feet,  with  its  major  axis  nearly  north  and  south,  resembling  the 
opening  through  which  the  violent  eruption  of  lava  poured  forth 
twenty  years  ago  on  Mauna  Loa.  In  the  center  of  this  was  a 
rocky  shaft,  reaching  to  such  a  depth  that  pieces  of  wood  thrown 
in  were  five  seconds  in  falling,  when  they  were  heard  to  splash 
below.  This  was  evidently  the  throat  of  an  ancient  volcano  now 
choked  with  water. 

Ascending  southwest,  out  of  this  crater,  I  crossed  over  a  broad 
plateau,  weU  named  from  its  abundance  of  water,  Ealaniwai,  on 
which  were  many  more  such  pits.  I  estimated  that  there  were 
over  seventy  on  the  whole  mountain.  Above  this  plateau  I  came 
to  another  crater,  of  which  I  wish  especially  to  speak.  This  crater, 
called  Eke,  is  of  about  the  size  and  depth  of  Punchbowl  crater, 
stretching  from  near  the  Waihee  to  the  Honokahau  Valley,  form- 
ing the  terminal  point  of  valleys  for  seven  or  eight  miles  of  the 
coast,  and  the  reservoir,  as  I  was  told,  of  the  greater  part  of  the 
streams  of  the  Waihee,  Kahakuloa  and  Honokahau  Valleys.  In 
this  crater,  situated  in  all  parts  of  it,  were  nearly  a  score  of  vol- 
canic pits,  not  cones,  but  pits  fifteen  to  fifty  feet  broad  and  ten  to 
twenty  feet  deep,  with  shrubbery  within  concealing  the  chasms 
below.  Passing  around  the  northern  brink,  and  near  the  Honoka- 
hau Valley,  I  was  surprised  to  see  a  slender  column  of  steam  or 
smoke,  rising  from  one  of  these  pits.  It  was  a  cold,  clear  morning 
before  sunrise,  with  a  light  soutn  wind  blowing,  so  that  there  was 
not  a  particle  of  cloud  or  fog  upon  the  whole  mountain  to  occasion 
such  a  phenomenon.  Going  near,  I  perceived  that  white  fumes 
were  indeed  arising  from  a  chasm  through  the  shrubbery  %X>  \\i<^ 
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end  of  the  pit.  There  were  four  natives  with  me,  whom  I  called, 
and  who  were  as  much  astonished  at  the  sight  as  myself.  A  few 
rods  further  toward  the  Honokahau  Valley,  I  found  a  pit  with 
two  such  columns  of  steam  or  smoke  arising,  one  from  each  end, 
and  beyond  others ;  and  at  last  two  on  the  Waihee  side  of  the 
crater,  nearly  a  fifth  of  a  mile  from  the  first  fuming  chasm.  I 
counted  in  all  six  such  columns  of  steam  or  smoke.  I  could  not 
perceive  any  sulphurous  odor  to  the  fumes,  nor  ranch  if  anj 
warmth  to  them.  Very  little  lava  was  to  be  seen.  A  few  basaltic 
columns  appeared  supporting  the  lower  side  of  the  crater ;  but  the 
rock  of  the  region  was  chieny  feldspathic,  decomposing  into  a  stiff 
white  clay. 

I  was  inclined  to  suppose  that  these  pits  were  connected  with 
subterranean  chambers  heated  by  volcanic  action ;  and  that  the 
air  arising  from  these  warm  depths  on  a  cold  morning,  if  not 
already  pervaded  with  smoke,  was  at  least  changed  into  rames  of 
steauL  Very  likely  at  the  warmth  of  midday  this  phenomenon 
would  not  be  seen. 

I  am  not  aware  that  fumes  like  these  have  been  seen  arising  oat 
of  craters  on  any  of  these  islands  excepting  HawaiL  None  has 
been  seen  in  the  evidently  more  recent  crater  of  Haleakala. 

No  white  men  have,  to  my  knowledge,  hitherto  visited  this 
region.  I  have  as  yet  been  unable  to  find  any  natives  who  have 
ever  ascended  to  it,  or  who  have  ever  known  of  its  phenomena. 
Tliere  being  no  canoe-timber  here,  they  have  no  occasion  to  ascend 
high  up  on  the  mountain.  It  is  quite  startling  to  some  people 
here  to  learn  that  a  volcano  close  by,  apparently  dead  for  over  one 
thousand  years,  is  still  breathing. 

This  whole  region  was  evidently  once  the  theater  of  very  vio- 
lent action.  Other  hills  above  and  below  are  extinct  craters; 
while  at  the  sea  near  Honokahau  are  many  bluffs  of  black  volcanic 
sand,  similar  to  those  thrown  up  thirty  years  ago  in  Puna,  where 
a  lava  stream  poured  into  the  sea.  It  is  interesting  to  imagine 
the  ancient  scene,  when  lava  torrents  were  pouring  down  the 
slope  of  this  mountain  into  the  ocean,  and  when  these  numerous 
volcanic  throats  were  volleying  fire  and  screaming  in  concert. 

This  region  can  be  reached  by  the  route  by  Makamakaole  Val- 
ley, and  also  by  ascending  from  Lahaina  above  Mount  Retreat, 
then  crossing  the  head  of  Honokahau,  and  thence  descending  the 
ridge  between  that  valley  and  Waihee.  But  it  is  hardly  safe  to 
ascend  so  far  up  the  mountain  without  preparation  for  erecting  a 
shelter  from  ram  and  for  spending  a  night,  and  excepting  at  times 
when  light  south  winds  have  cleared  away  the  fogs.     ♦     ♦     »    * 

By  examining  the  craters  of  this  region  one  can  easily  perceive 
how  the  deep  valleys  of  our  mountains  may  have  been  formed. 
When  the  almost  bottomless  chasms  had  become  watercourses, 
and  had  at  length  by  their  whole  depth  worn  through  adjoining 
sides  of  the  mountain,  valleys  would  nave  been  thus  oegun,  deep 
almost  as  the  depth  of  the  mountain.  This  process  is  now  seen  Id 
the  wasting  away  of  these  craters. 
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2.  The  Polaris  Voyage. — The  Report  of  this  Expeditioii,  now 
issuing  from  the  Government  printing  office  at  Washington,  furn- 
ishes the  following  data  to  the  N.  i.  Tribune  of  March  3d.  Dr. 
Bessels  submitted  a  memorandum  of  the  most  important  dis- 
coveries of  the  expedition.  The  results  of  the  expedition  may  be 
summed  up  briefly  as  follows : 

(1.)  The  Polaris  reached  82''  16'  N.,  a  higher  latitude  than  has 
been  attained  by  any  other  ship. 

Capt.  Buddington's  testimony  is  very  definite  as  to  the  imprac- 
ticability of  pushing  the  vessel  further  north  than  the  point  which 
they  reached. 

(2.)  The  navigability  of  Kennedy  Channel  has  been  proved  be- 
yond a  doubt : 

(3.)  Upwards  of  700  miles  of  coast  line  have  been  discovered 
and  surveyed : 

(4.)  The  insularity  of  Greenland  has  been  proved ;  and 

(5.)  Numerous  observations  have  been  made  relating  to  astron- 
omy, magnetism,  force  of  gravity,  ocean  physics,  meteorology, 
jEOology^  ethnology,  botany,  and  geology,  the  records  of  which 
were  kept  in  accordance  with  the  instructions  supplied  by  the 
National  Academy,  and  some  of  the  results  of  which  we  propose 
briefly  to  enumerate. 

Great  care  was  taken  in  determining  a  reliable  meridian  at 
Thank-God  Harbor.  Soon  after  entering  winter  quaiters  an 
observatory  was  erected  on  the  shore,  thirty-four  feet  above  mean 
sea  level,  and  the  transit  instrument  stationed  there.  The  longi- 
tude of  this  station  was  determined  by  the  observation  of  three 
hundred  lunar  distances ;  a  number  of  moon  culminations ;  a  great 
number  of  star  transits ;  a  number  of  star  ocoultations ;  and  a 
great  number  of  altitudes  of  the  sun  on  or  near  the  prime  vertical. 
Its  latitude  by  the  observation  of  a  great  number  of  circumme- 
ridian  altitudes  of  the  sun,  and  a  number  of  altitudes  of  stars. 
All  of  these  observations  were  lost,  but  a  number  of  the  results 
have  been  preserved  which  are  sufficient  to  establish  the  position 
of  this  station.  Besides  the  above-mentioned  observations,  twenty 
sets  of  pencl^lum  experiments  were  made,  which  are  saved,  but 
the  observations  for  time  belonging  to  them  are  lost. 

The  magnetic  observations  obtained  were  more  complete  than 
any  others  ever  before  made  in  the  Arctic  regions.  1  he  instru- 
ments supplied  were:  One  unifilar  declinometer;  one  dip  circle, 
with  Lloyd's  needles ;  one  theodolite,  and  several  prismatic  com- 
passes. The  observations  on  variation  of  declination  were  regis- 
tered at  Gdttingen  time,  and  were  continued  for  five  months. 
Readings  taken  hourly.  Beside  that,  three  term  days  were  ob- 
served every  month,  according  to  the  Gdttingen  regulations,  one 
of  these  term  days  corresponding  with  the  day  accepted  by  all 
the  maraetic  stations.  Further,  a  number  of  observations  were 
taken  either  with  the  theodolite  or  the  prismatic  compass.  When- 
ever possible,  the  dip  was  observed,  and  several  sets  of  observa- 
tions on  relative  and  absolute  intensity  and  of  the  moment  of 
inertia  were  obtained. 
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Unfortunately  there  was  not  much  opportunity  for  takbg 
soundings.  About  twelve  were  obtained  along  the  coast  of  Giio- 
nell  Land,  which  prove  that  the  hundred-fathom  line  follows  the 
coast  at  a  distance  of  about  fifteen  miles  in  Smith  Sound.  One  of 
these  soundings  (ninety  fathoms)  proved  highly  interesting,  con- 
taining an  organism  of  lower  type  than  the  Saihj/bius  discovered 
by  the  English  dredging  expedition.  It  was  named  jhrotoba- 
thyhiys  Hobesonii,  A  number  of  deep-sea  temperatures  were 
taken  with  corresponding  observations  on  the  density  of  the  water. 
Following  the  coast  of  West  Greenland,  the  limits  of  the  Golf 
Stream  were  ascertained.  Specimens  of  water  from  different 
depths  were  preserved  in  bottles,  but,  unfortunately,  lost* 

After  having  entered  winter  quarters,  meteorological  observft- 
tious,  which  up  to  this  time  had  been  made  three-hourly,  were 
made  every  hour,  Washington  time.  The  register  contained 
observations  on  the  temperature  of  the  air,  atmospheric  pressure, 
psychrometrical  observations,  direction  and  force  of  wind(,  appea^ 
ance  of  the  sk^,  state  of  weather,  and  both  solar  and  terrestrial 
radiation.  Besides,  all  extraordinary  meteorological  phenomena 
were  carefully  noted. 

Special  attention  was  devoted  to  the  aurora  borealis,  which 
occurred  frequently,  but  rarely  showed  brilliant  colors,  never 
bright  enough  to  produce  a  spectrum.  Whenever  necessary,  one 
observer  was  stationed  at  the  magnetometer  and  the  other  out  of 
doors,  the  former  observing  the  motions  of  the  magnet,  while  the 
other  was  watching  the  changes  in  the  phenomenon  and  uJdng 
sketches.  Although  an  electroscope  and  electrometer  were  set  up, 
and  the  electrical  condition  of  the  atmosphere  frequently  tested, 
in  no  instance  could  the  least  amount  of  electricity  be  detected. 
The  amount  of  precipitation  was  measured  as  carefully  as  the 
violent  gales  would  permit,  by  means  of  a  rain  gauge  supplied 
with  a  funnel  In  February,  as  soon  as  the  sun  reappeared,  ob- 
servations on  solar  radiation  were  commenced  and  continued 
throughout  the  entire  summer. 

The  collections  of  natural  history  are  nearly  entirely  lost 
With  the  exception  of  two  small  cases  containing  animals,  mine- 
rals, and  one  package  of  plants,  nothing  could  be  rescued.  The 
character  of  the  fauna  is  North  American,  as  indicated  by  the 
occurrence  of  the  lemming  and  the  musk-ox.  Nine  species  of 
mammals  were  found,  four  of  which  are  seals.  The  birds  are 
represented  by  twenty-one  species.  The  number  of  species  of  in- 
sects is  about  fifteen,  viz :  one  beetle,  four  butterflies,  six  diptera, 
one  bumble-bee,  and  several  ichneumons,  parasites  in  caterpillars. 
Fuither,  two  species  of  spiders  and  several  mites  were  found. 
The  animals  of  lower  grade  are  not  yet  ready  for  examination. 

The  flora  is  richer  than  could  be  expected,  as  not  less  than 
seventeen  phanerogamic  plants  were  collected,  beside  three  mosses, 
three  lichens,  and  five  fresh  water  algae. 

Although  the  formation  of  the  Upper  Silurian  limestone,  which 
seems  to  constitute    the  whole  west   coast  north   of   Humboldt 
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cier,  \b  very  uniform,  some  highly  interesting  and  important 
ervations  have  been  made,  n  was  found  that  the  land  is  ris- 
,  as  indicated,  for  instance,  by  the  occurrence  of  marine  ani- 
s  in  a  fresh-water  lake,  more  than  thirty  feet  above  the  sea- 
3I  and  far  out  of  reach  of  the  spring  tides.  Wherever  the 
ility  was  favorable  the  land  is  covered  by  drift,  sometimes  con- 
ling  very  characteristic  litholo^cal  specimens,  the  identifica- 
i  of  which  with  rocks  in  South  Greenland  was  a  very  easily 
omplished  task.  For  instance,  garnets  of  unusually  large  size 
*e  K)und  in  latitude  81°d0',  having  marked  mineralogical  char- 
3ristics  by  which  the  identity  with  some  garnets  from  Fiskenaes 
)  established.  Drawing  a  conclusion  from  such  observations,  it 
ame  evident  that  the  main  line  of  the  drift,  indicating  the 
Motion  of  its  motion,  runs  from  south  to  north. 
.  The  Principles  of  Science :  A  Treatise  on  Logic  and  Sden- 
J  Method  ;  by  W.  Stanley  Jevons,  M.A.,  F.K.S.,  Fellow  of 
iversity  College,  London;  Professor  of  Logic  and  Political 
momy  in  the  Owens  College,  Manchester.  2  vols.  8vo.,  pp. 
,463;  vii,  480.  London  (Macmillan  &  Co.),  1874.— The  first 
>k  of  this  very  interesting  work,  occupying  somewhat  less  than 
f  of  the  first  volume,  is  an  exposition  of  the  principles  of  Logic 
its  more  recent  developments.  Following  Boole,  De  Morgan, 
.  others,  the  author  discards  the  cumbrous  structure  of  the 
lent  logic,  with  its  awkward  machinery  and  terminology,  and 
uces  the  subject  to  the  language  of  common  sense.     By  the 

of  the  principle  of  identity,  uie  logical  equivalent  of  the 
;hematical  equality  as  expressed  in  equations,  and  by  the  appli- 
on  of  his  own  fruitiul  and  powerful  method  of  substitution,  the 
}t  varied  kinds  of  propositions  are  made  capable  of  expression 
a  symbolic  notation  of  the  utmost  simplicity.  The  system  is, 
the  same  time,  so  comprehensive  and  flexible  that  it  embraces 
h  ease  forms  of  argument  which  the  narrow  limits  of  the  old 
Lc  could  not  be  made  to  include.  The  new  method  renders  the 
isformations  of  propositions,  and  their  varied  relations,  so  sim- 

and  clear,  that  the  old  modes  of  discriminating  and  naming 
m,  with  the  whole  apparatus  for  converting  the  syllogism,  the 
barous  names,  and  mnemonic  lines,  fall  away  as  a  lifeless  super- 
by.     The  whole  science  is  thus  greatly  widened  and  extended, 

while  rendered  more  powerfiu  as  a  guide  in  intellectual  pro- 
les,  is  made  practically  useful     Other  changes  of  similar  effect 

of  great  interest  might  be  mentioned,  but  must  be  passed 
r  for  want  of  space, 
lie  remaining  books  treat  of  the  logical  principles  involved  in 

different  processes  of  scientific  investigation  and  reasoning. 
>  topics  of  the  successive  chapters  will  make  evident  the  scope 
;he  work,  and  its  general  character.  Book  H.  treats  of  Num- 
,  Variety,  and  Probability ;  Combinations  and  Permutations ; 
uctive  Inference ;  Inductive  or  Inverse  Application  of  the  The- 

of  Probabilities.  Book  HI,  Exact  Measurement  of  Phenom- 
;  Units  and  Standards  of  Measurement ;  Analysis  of  Q,'QAXi^V(»*d.- 
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tive  Phenomena;  the  Method  of  Means;  the  Law  of  Error. 
Book  IV,  Inductive  Investigation;  Observation;  Experiment; 
Method  of  Variations;  Theory  of  Approximation;  Quantitative 
Induction  ;  Use  of  Hypotheses ;  Empirical  Knowledge,  Explana- 
tion and  Prediction ;  Accordance  of  Quantitative  'Hieories  and 
Experiments ;  Character  of  the  Experimentalist  Book  V,  Gen- 
eralization ;  Analogy ;  Exceptional  Phenomena ;  Classification. 
Book  VI,  Reflections  on  the  Results  and  Limits  of  Scientific 
Method. 

The  work  is  abundantly  enriched  with  illustrations  from  actual 
incidents  in  the  history  of  scientific  discovery,  and  the  bearing  of 
the  principles  discussed  upon  practical  problems,  the  suggestionB 
of  methods,  the  means  of  estimating  or  avoiding  error,  are  treated 
in  a  very  interesting  and  instructive  way.  It  is  eminently  a  book 
for  the  student  of  science,  and  the  careful  perusal  of  it  cannot 
fail  to  further  materiallv  his  progress  toward  clear  thinking,  accu- 
rate discrimination,  and  precision  of  statement.  a.  w.  w. 

4.  On  Mr.  Meek*s  note^p,  319  of  this  vol. — While  preparing 
the  papers  on  the  Crinoidea,  published  in  this  Journal  in  1869  and 
1870,  Mr.  Wachsmuth  kindly  lent  me  some  of  his  beautiful  speci- 
mens. In  his  letter,  he  directed  my  attention  to  the  curious  open- 
ings in  the  arms  of  Actinocrinus,  and  informed  me  that  Mr.  Meek 
intended  to  publish  an  account  of  them,  in  the  Paleontology  of 
Illinois.  I  therefore  carefullv  avoided  making  anv  allusion  to  them 
in  my  papers.  Specimens  oi  Caryocrimut  exhibited  similar  open- 
ings at  the  sides  of  the  arms ;  and,  although  I  wished  to  make 
some  remarks  about  them,  I  refrained  from  doing  so,  lest  I  might 
indirectly  anticipate  Mr.  Meek.  (See  this  Journal,  11,  vol.  49,  p. 
62,  where  a  diagram  is  given  of  the  upper  part  of  Caryocrinm 
omatus,)  I  figured  the  ambulacral  pores  (those  in  which  the 
grooves  of  the  arms  terminate),  but  not  the  lateral  openings.  I 
have  never  alluded  to  them  in  any  of  my  papers.  I  oelieve  the 
small  ambulacral  pores  in  Caryocrinus  to  be  ovarian.  Mr.  Meek 
and  others  would  call  them  oval  orifices.  But  in  what  way  the 
other  orifices  in  Actinocrimis  and  Caryocrinus  are  to  be  explained, 
I  have  no  idea.  E2.  Biixjngs. 

6.  Corrections  for  the  paper ^  on  page  1 93,  on  the  Connection  be- 
tween Isomorphism,  Molecular  Weight  and  Physiological  Action; 
by  James  Blake,  M.D.  (Letter  from  the  author,  dated  San 
Francisco,  March  4.) — The  notes  on  the  physiological  action  of 
the  substances  were  intended  to  apply  to  the  whole  of  the  sub- 
stances in  each  group,  and  not  as  they  now  read,  as  if  different 
members  of  the  same  group  produced  different  effects.  In  group 
6  the  substance  experimented  with  was  the  double  chloride  of 
osmium  and  potassmm  and  not  the  chloride  of  potassium,  as 
printed.  In  describing  the  relative  weights  of  the  substances 
which  prove  poisonous  (page  196),  the  comparison  in  line  three 
should  be  between  Li  and  Tl,  and  not  Li  and  K,  as  printed,  and 
in  the  next  line  the  numbers  should  read  12*6 : 1  and  10*4 :  1,  in- 
stead of  125  and  104 ;  and  in  line  seven,  Os  instead  of  Pt. 
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RT.    XLIX. — Notice  of  New  Tertiary  Mammals,      III;    by 

0.  C.  Marsh. 

Among  the  remains  described  in  the  present  paper  are  those 
several  Edentates^  the  first  detected  in  this  country  in  the 
jrtiary  formation.  The  numerous  extinct  species  of  this 
ier  previously  known,  both  from  North  and  South  America, 
3  all  firom  more  recent  deposits. 

Morotherium  gigeUy  gen.  et  sp.  nov. 

The  present  genus  appears  to  be  most  nearly  related  to 
egaUmyx  and  Mylodon.  From  the  former,  as  well  as  from 
elidoinerium,  it  may  readily  be  distinguished  by  the  humerus, 
lich  has  no  supra-condyfar  foramen ;  while  from  the  latter 
nus,  it  differs  in  the  femur,  which  is  without  a  depression  for 
e  round  ligament  The  more  slender  femur,  and  the  concave 
oar  articiuation  of  the  humerus  separate  it  likewise  from 
watherium.  The  skull  of  the  present  genus  is  not  known. 
Li  this  species,  the  femur  is  stout,  and  in  its  general  propor- 
>ns  resenibles  that  of  Megalonyx  Jeffersonii  Harlan.    The  head 

the  femur  is  hemispherical,  but  slightly  expanded  in  an 
tero-posterior  direction.  The  great  trochanter  is  massive, 
d  rugose,  and  is  raised  slightly  above  the  neck.  It  is  some- 
aat  recurved,  and  encloses  a  deep  pit,  as  in  the  elephant  The 
ird  trochanter  is  represented  only  by  a  rugosity,  mainly  on 
e  lower  half  of  the  shaft  On  the  posterior  surface,  there  is  a 
ominent  ridge  extending  from  the  great  trochanter  obliquely 
ross  the  shaft  toward  the  inner  condyla  The  trochlear  sur- 
3e  for  the  patella  is  broad  and  shallow,  and  is  separated  by  a 
ep  groove  from  each  of  the  condyles  ;  the  inner  groove  being 
out  twice  the  width  of  the  other.     The  humerus  is  expanded 

its  distal  end.  The  olecranon  cavity  has  little  depth,  and 
ere  is  no  perforation  above  the  inner  condyle.  Tne  latter 
B  its  articular  face  concave  transversly,  as  in  Mylodon.  The 
ter  and  inner  deltoid  ridges  unite  below,  terminating  in  a 
►uble  tuberosity. 
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MMmMrtmentB. 

Length  of  femur, .-450''"" 

Transverse  diameter  at  proximal  end, 217* 

Antero  posterior  diameter  of  head  of  femur, 106* 

Transverse  diameter, 98* 

Least  transverse  diameter  of  shaft, ISO* 

Least  antero-posterior  diameter, 56* 

Width  of  trochlear  surface, 82. 

Vertical  extent, 50* 

Transverse  diameter  of  outer  condyle, 78* 

Least  transverse  diameter  of  shaft  of  humerus, 98* 

Antero-posterior  diameter  of  ulnar  condyle  of  humeruB, 70* 

Transverse  diameter, 68* 

The  known  remains  of  this  species  indicate  an  animal  about 
two-thirds  the  size  of  MegaUmyx  Jeffersonii  Harlan.  The  speci- 
mens here  described  are  from  Pliocene  strata,  in  Central  Cdi- 
fomia. 

Morotherium  UpUmyXy  sp.  nov. 

A  smaller  species,  apparently  of  the  same  genus,  is  indicated 
by  some  fragmentary  remains,  the  most  characteristic  of  which 
is  an  ungual  phalanx  of  the  third  digit  of  the  fore-foot  This 
resembles  most  nearly  in  form  the  corresponding  bone  in 
MegaUmyx  Jeffersonii  Harlan,  but  differs  from  it  in  the  much 
less  developed  ungual  sheath,  and  in  the  presence  of  a  large 
rounded  tubercle  on  the  lower  side,  instead  of  a  flat  basal  plate. 
The  articular  facets  are  quite  unequal,  the  inner  being  consi- 
derably larger  and  deeper  than  the  outer.  The  ridge  between 
them  is  obtuse.  The  ungual  sheath  has  its  greatest  develop- 
ment on  the  inner  side.  There  is  a  large  vascular  foramen  on 
the  outer  side  at  the  base  of  the  tubercle,  and  on  the  opposite 
surface  this  is  replaced  by  several  smaller  orifices.  This  phalanx, 
when  entire,  was  about  90°^  in  length.  It  is  42^^  in 
vertical  diameter  through  the  basal  tubercle,  and  24™"  wide 
across  the  articular  facets.  The  specimen  was  found  in  the 
Pliocene  beds  of  Idaho,  and  has  been  kindly  loaned  to  me  for 
examination  by  my  friend,  Prof.  J.  S.  Newberry,  of  CSolumbia 
CoUega 

Stylinodon  mirus^  gen.  et  sp.  nov. 

A  new  extinct  mammal  of  great  interest  is  represented  by 
portions  of  both  jaws  with  teeth,  and  a  few  otner  remains, 
which  were  obtained  by  the  writer  last  autumn  in  the  Eocene 
deposits  of  Wyoming.  These  specimens  resemble  in  some 
respects  the  corresponding  parts  of  the  genus  Toocodon  Owen, 
from  the  Quaternary  of  South  America ;  but  may,  perhaps, 
have    some    more  affinities  with  the  Edentates.      The  lower 
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jaw  preserved  is  massive  and  deep,  and  contained  six  molar 
teeth,  all  essentially  alike,  and  inserted  in  deep  sockets.  They 
all  grew  from  persistent  pulps.  In  form,  they  are  nearly 
cylindrical,  with  an  approach  to  a  quadrate  outline  in  transverse 
section.  The  outer  and  inner  faces  are  covered  with  a  thin  layer 
of  enameL  A  portion  of  a  lar^e  incisor  was  found  with  tnis 
jaw,  and  evidently  pertains  to  tne  same  animal.  This  tooth 
was  large,  and  somewhat  curved.  Its  outer  face  was  coated 
with  euamel,  marked  with  transverse  lines  of  growth,  and  ver- 
tical striaa 

Meaauremenia. 

Extent  (approximate)  of  six  lower  molars, ^6""™* 

Antero-posterior  diameter  of  third  lower  molar, 11* 

Transverse  diameter, 12 '8 

Width  of  external  layer  of  enamel, 9. 

Thickness, !• 

Length  of  inserted  portion  of  upper  molar, 41* 

Depth  of  pulp  cavity, 20* 

Width  of  band  of  enamel  on  incisor, 22* 

The  only  remains  of  this  species  now  known  are  from  the 
upper  Eocene  of  western  Wyoming.  They  belong  to  a  single 
inaividual,  which  was  about  as  large  as  a  Capybara. 

TiUotherium  UUidena^  sp.  nov. 

A  second  species  of  the  peculiar  genus  TiUotherium  is  indi- 
cated by  some  remains  from  the  same  geological  horizon  in 
which  the  type  species,  T.  hyrojcoides  Marsh,  was  found.*  The 
most  characteristic  of  the  new  specimens  is  a  last  upper  molar 
with  its  crown  unworn,  and  in  perfect  preservation.  This 
tooth  has  essentially  the  same  crown-structure  as  the  corres- 

Eonding  molar  of  the  above  speciea  It  differs,  however,  in 
aving  a  prominent  buttress  attached  to  the  posterior  side  of 
the  postero-external  cusp,  and  a  small  elevated  tubercle  on  the 
outer  margin  of  its  base.  On  the  posterior  side  of  the  crown, 
the  basal  ridge  thickens  into  a  high  crest,  which  unites  with  the 
single  inner  cone.  The  enamel  of  this  tooth  is  coarsely  rugose. 
The  close  resemblance  of  the  true  molars  in  TiUotherium  to 
the  premolars  in  more  specialized  forms  is  an  interesting  fact, 
and  indicates  for  this  genus  a  primitive  tjrpe  of  dentition. 

Moaawremenia, 

Antero-posterior  diameter  of  last  upper  molar, 22*"°* 

Antero-^OBterior  diameter  through  outer  lobes, 26* 

Antero-posterior  diameter  througn  inner  cone, 28* 

*  This  JounuO,  ▼,  p.  485,  June,  18*73. 
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Transverse  diameter  through  center, 

Transverse  diameter  through  anterior  lobe, 4V 

Height  of  crown  through  antero-eztemal  cusp, 14*-,  : 

Height  through  inner  cone, -.-14'i^ 

The  type  specimens  of  this  species  are  from  the  upper  EdciHiB 
of  Wyoming.  They  indicate  an  animal  about  the  aiae-tfil 
Tapir.  \,  »"■  •  . 

■  '  "I.'.-. 
Motherium  baihrodon,  up.  nov.  .  //  , 

The  largest  species  of  this  genus  hitherto  discoverod  iai-W 
West  is  represented  by  a  few  remains  in  the  Yale  OqBm 
Museum  from  the  Miocene  of  Dakota.  Among .  these,  flbeo^ 
mens  is  a  perfect  lower  molar  tooth,  apparently  tbe  laeti  mOoK 
belonged  to  an  animal  at  least  double  the  bulk  of  NbAtrijim 
ingena  Leidy,  from  the  same  region.  This  molar  diSeis  jbmM- 
tially  from  the  same  tooth  in  tne  other  known  species  of  dns 

frenus,  especially  in  having  the  anterior  pair  of  tubercles  much 
arger  than  the  posterior  pair,  and  elevated  high  above  them. 
There  is  also  a  distinct  basal  ridge,  which  at  the  posterior  end 
of  the  crown  thickens  upward  into  an  obtuse  heel.  This  ridge 
nearly  disappears  on  the  sides  of  the  crown,  but  is  well  marlDed 
in  front     The  enamel  is  rugosa 

Antero-posterior  diameter  of  last  lower  molar, 47^5"*' 

Transverse  diameter  through  anterior  cones, 84* 

Transverse  diameter  through  posterior  cones, •'28'^ 

Height  of  crown  in  front, -28r. 

Length  of  fang  in  front, ,  ,55* ."  . ., 

Height  of  crown  at  heel, i. .19*^ 

This  species  must  have  been  nearly  as  large  as  a  Rhmooff^ 
The  only  species  of  the  genus  that  approached  it  in  siM  k 
Mother  mm  Leidyanum  Marsh,  from  the  Miocene  of  New  JeiaiBj. 

Yale  College,  New  Haven,  April  20,  18*74. 
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Art.  L. — On  some  paints  in  Mallets  Theory  of  VulcanicUy;  by 
EuG.  W.  HiLGABD,  Univ.  of  Michigan. 

[Presented  to  the  NationAl  Academj  of  Sciences,  April  24, 1874.] 

The  main  points  of  Mallet's  Theory  of  Vulcanicity  have 
been  before  the  world  of  science  for  some  time,  and  have  ex- 
cited some  lively  discussions  on  both  sides  of  the  question ; 
mainly  in  the  English  press.  I  think  it  is  to  be  greatly  re- 
gretted that  the  original  memoir,  very  tardily  published  in 
the  Transactions  of  the  Royal  Society,  shouldf  be  so  difficult 
of  access,  that  few  of  those  interested  are  enabled  to  appre- 
ciate the  caution  and  laborious  conscientiousness  which  Mallet 
has  brought  to  bear  on  his  investigation  and  discussion  of  this 
most  complex  problem ;  and  to  what  extent  he  has  himself 
anticipatea  most  of  the  objections  raised.  In  calling  attention 
to  some  apparent  omissions  in  this  respect,  it  may  be  useful  to 
recall  the  state  of  the  question  as  regards  some  of  the  more 
prominent  points  at  issue. 

The  first  and  most  sweeping  attack  upon  the  very  basis  of 
Mallet's  theory  comes  from  Sir  Wm.  Thomson,  in  a  letter  to 
Mr.  Poulett  Scrope  (Nature,  Feb.  1,  1872),  in  which  he  calls 
attention  to,  and  re-affirms,  the  results  of  his  investigation 
(supplementary  to  that  of  Hopkins)  on  the  eflFect  which  a  fluid 
nucleus  and  imperfect  rigidity  of  the  earth  must  exert  upon 
precession  and  nutation ;  and  which  led  him  to  the  conclusion 
that,  unless  the  rigidity  of  the  globe  as  a  whole  were  greater 
than  that  of  steel,  there  must  ensue  a  tidal  deformation  of  the 
solid  mass,  which  would  sensibly  change  the  amount  of  preces- 
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sioiL     He  denies  that  Delaunay  has  shaken,  in  any  important 
point,  the  conclusions  of  Hopkins  or  himself 

The  subject  has  since  been  taken  up  by  Gen.  Barnard 
(Smiths.  Contr.,  Na  240),  who,  while  connrming  the  results  of 
Thomson  upon  the  premises  assumed  by  that  physicist,  also 
shows  that  tnere  are  assumable  and  admissible  conditions  upon 
which  a  fluid  nucleus  with  a  moderately  thick  crust  may  ex- 
hibit the  same  constant,  or  periodically  recurrent,  amounts  of 
precession  and  nutation,  as  a  solid  globa 

Mallet  refers  to  Thomson*s  argument  in  &yor  of  great  rigid- 
ity as  corroborative  of  the  necessity  for  assuming  a  crust  of 
great  thickness,  such  as  would  render  it  inadmissible  to  assume 
a  direct  connection  between  volcanoes  and  the  liquid  nucleu& 
But  it  is  difficult  to  see  how  the  ^*  preternatural  rigidity,"  made 
a  postulate  by  Thomson,  could  in  any  manner  be  compatible 
¥rith  the  requirements  of  Mallet's  theory.  For  the  latter  repre- 
sents the  earth's  crust  as  a  congeries  of  fragments,  sustained 
partly  by  the  contracting  liquid  nucleus,  partly  by  each  other 
on  the  principle  of  the  arch ;  therefore  necessarily  often  locally 
in  a  state  of  unstable  equilibrium,  and  liable  to  be  disturbed 
by  slight  outside  forces.  That  the  tendency  to  tidal  deformt- 
tion  contributes  toward  producing  such  disturbances  has  been 
rendered  probable  by  Perrey's  discussions,  and  by  the  repeated 
coincidences  of  violent  earthquakes  with  tidal  extremes,  lately 
observed. 

Thomson's  assumption,  that  the  postulated  rigidity  might  re- 
sult from  compression,  would  scarcely  seem  admissible  save  in 
a  case  of  absoliUe  homogeneity  and  equilibrium — if  then.  It  is 
certainly  incompatible  with  the  demonstration  made  by  Prof 
Belli  of  Pavia  (as  quoted  by  Mallet),  to  the  eflFect  that  rigid 
bodies  are  weakened  oy  the  simultaneous  application  of  ortBo- 
gonal  pressures  ;  that  no  known  materials  could  sustain,  under 
any  circumstances,  a  strain  several  hundred  times  greater  than 
that  which  would  crush  it  if  laterally  free  to  yield.  That  such 
strains  exist  in  the  contracting  crust,  and  that  upward  deforma- 
tion must  result,  if  such  contraction  takes  place  at  all — as  the 
annual  loss  of  heat  by  the  earth  compels  us  to  assume  is  the 
casa 

Whether  we  view  the  question  of  rigidity  by  the  light  of 
our  direct  knowledge  of  the  first  twenty -five  miles  of  crust,  and 
of  the  profound  commotions  it  experiences  from  time  to  time; 
or  by  that  of  the  demonstrated  increase  of  temperature  as  we 
descend,  rendering  it  extremely  probable  that  at  a  compara- 
tively slight  depth  the  rigidity  of  all  materials  must  be  seri- 
ously impaired  oy  a  high  temperature,  despite  of  pressure ;  or 
whether  we  even  consider  alone  the  secular  loss  of  heat  bj 
radiation,  wliich  must  result   in    a  contraction  affecting  us* 
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equally  the  heterogeneous  couches  of  which,  on  any  hypothe- 
sis, the  solid  portion  of  the  earth  must  be  composed  ;  it  will  be 
difficult  to  persuade  geologists  of  the  actual  existence  of  the 
"  preternatural  rigidity,"  until  every  reasonable  hypothesis  that 
can  dispense  with  this  assumption  shall  have  been  exhausted. 

Among  the  objections  raised  by  geologists,  the  first  and 
apparently  gravest  was  that  of  Forbes  (Nature,  Feb.  6,  1872), 
who  argues  the  untenableness  of  Mallet's  theory  on  the  ground 
of  the  asserted  general  identity  of  composition  of  volcanic 
ejecta.  In  feet,  from  Mallet's  point  of  view  it  would  seem,  that 
lavas  might  have  the  composition  of  any  fusible  rock  whatso- 
ever, in  whose  strata  the  crushing  might  happen  to  occur ;  and 
hence  that  if  taking  place  within  the  sedimentary  strata,  there 
ought  to  be  a  very  great  diversity  between  the  ejecta  of  differ- 
ent vents. 

In  his  rejoinder.  Mallet  calls  attention  to  the  very  serious 
diflFerences  of  composition  between  the  extremes  of  trachytic 
and  basaltic  lavas,  and  to  the  generally  admitted  fact  that  vol- 
canoes are  located  along  axes  of  upheaval,  where  the  hypogene 
rocks,  and  therefore  those  of  the  crust  proper,  approach  the 
surface ;  hence  that  crushing  along  these  lines  or  weakness 
would  be  by  no  means  likely  to  produce  a  greater  diversity  of 
lavas  than  we  actually  observe.  Furthermore,  that  the  "  local 
lake"  theory  is  liable  to  the  same  objection,  unless  the  lakes 
are  supposed  to  be  located  within  the  (uniform)  crust  itself. 

He  might,  it  seems  to  me,  have  added  that  the  maximum  of 
twenty-five  miles  of  sedimentary  rocks  is  not  anywhere  (on 
the  continental  areas  at  least)  actually  superimposea,  vertically, 
upon  the  crust ;  and  hence  that  it  is  not  unreasonable  to  assume 
that  a  pressure  sufficiently  ^reat  to  produce  fiision  may  never 
occur  within  the  limits  of  the  sedimentary  strata,  albeit  other 
manifestations  of  subterraneous  thermal  action  may  not  be 
wanting.  It  is  true  that,  on  the  whole,  Mallet's  memoir  leaves 
upon  the  reader's  mind  the  impi^ession  that  he  seeks  the  source 
oi  volcanic  action  at  depths  sufficiently  shallow  to  justify  in 
a  measure  the  objection  raised  by  Forbes:  although  he  ex- 
pressly declares  that  with  our  present  data,  the  determination 
of  the  points  at  which  the  maximum  of  crushing  efiects  occurs 
is  impossible. 

Similar  considerations  apply  to  the  objection  raised  by  F. 
W.  Huttpn  (Nature,  Nov.  27,  1878),  that  "faults  show  no  heat- 
ing eflFects,  even  where  considerable  crushing  has  taken  placa" 
The  pressure  under  which  the  faulting  occurred  may  have 
been  inadequate,  in  the  cases  coming  under  our  observation ; 
but  above  all,  time  is  a  most  essential  element  in  this  connec- 
tion. No  matter  how  great  the  dislocation  or  crushing,  no 
great  increase  of  (emperalure  can  occur  if  it  takes  place  slowly^ 
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however  great  may  be  the  quantity  of  work  performed,  or  of  heat 
produced.  And  very  many,  if  not  the  majority  of  extensive 
faults  actually  occurnng,  show  evidence  of  having  been  formed 
without  cataclysmal  disturbance. 

Among  the  other  points  raised  by  Hutton  {Hoc  ciL)  there  are 
several  which  are  at  once  disposed  of  by  a  perusal  of  the  orig- 
inal memoir.  There  are  others  of  some  weight.  That  *' lines 
of  least  resistance  once  chosen  must  remain,  is  doubtless  true 
in  a  very  wide  sense ;  and  in  that  sense  this  is  scarcely  at 
variance  with  observed  facts,  since  the  lines  of  weakness  along 
the  borders  of  continents  are  still  those  which  exhibit  volcanic 
activity  (and  earthquake  phenomena)  most  frequently.  But,  in 
the  folding  and  upheavmg  of  strata  by  tangentiiJ  thrust,  the 
question  of  equilibrium  must  often  of  necessity  be  very  deli- 
cately balanced ;  depending  as  it  does  upon  the  vertical  pres- 
sure of  the  masses,  their  nature,  dislocation,  subsequent  con- 
solidation, igneous  effusions  from  fissures,  etc.  Lines  of  weak- 
ness as  to  rigidity  may  thus  easily  acquire  sufficient  staik 
resistance  to  cause  a  subsequent  yielaing  to  take  place  at  some 
distance  from  the  original  axis  ;  as  is  exemplified  in  the  forma- 
tion of  successive  parallel  ranges.  What  is  true  with  regard  to 
the  formation  of  folds,  is  eijually  so  as  concerns  the  settling 
down  of  the  crust- fragments  m  consequence  of  interior  contrac- 
tion. Each  fragment  as  a  whole  may  remain  as  such,  being 
only  as  it  were  abraded  at  its  circumference-  But  it  is  only 
necessary  to  have  observed  the  gradual  yielding  of  detrital  rock 
masses  under  pressure,  to  understand  why  the  cataclysmal 
yielding  which  manifests  itself  in  earthquakes  should  so  fre- 
quently change  its  locality  of  occurrence  ;  why  for  long  periods 
a  region  may  be  completely  exempt  from  these  movements,  in 
consequence  either  of  an  unresisted  and  therefore  gradual  de- 
8C(3nt  of  the  crust  fragments  underlyinff  it,  or  of  an  arch-like 
arrangement,  whose  sudden  breaking  down  will  result  in  a 
catastrophe,  succeeded  perhaps  by  a  long  period  of  quiescence. 

Thus,  Mallet's  theory  accounts  equally  well  for  the  sporadic 
and  apparently  lawless  occurrence  of  seismic  phenomena,  and 
for  the  probable  correlation  between  the  frequency  and  vio- 
lence of  earthquakes,  and  tidal  extremes.  Unlike  the  theorv 
of  a  thin  crust,  which  would  lead  us  to  expect  almost  diurnal 
earthquakes  corresponding  to  oceanic  tides,  according  to  Mal- 
let's view,  there  should  be  a  near  coincidence  in  time  and 
space  of  two  independent  factors  (viz :  of  a  condition  of  verr 
unstable  equilibrium  of  some  crust  fragment,  with  a  tidal 
extreme),  in  order  to  produce  a  maximum  of  disturbance.  It 
cannot  be  expected  that  such  coincidence  should  be  of  frequent 
occurrence,  or  that  the  casual  connection  should  manifest  itself 
in  a  greater  predominance  than  that  claimed  by  Perrey  for  the 
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times  of  spring  and  neap  tides.  Mallet  does  not,  however, 
allude  to  this  point ;  whether  from  a  distrust  of  Perrey^s  data 
and  method,  or  theoretical  scruples  on  the  score  of  "  rigidity." 

The  objection  that,  according  to  Mallet^s  theory,  earthquakes 
ought  always  to  be  followed  by  eruptions,  could  obviously 
apply  only  during  the  period  of  fissure  eruptions  from  the 
liquid  interior ;  it  being  conceded  that  the  volcanic  eruptions 
of'^to-day  are  due  to  contact  of  water  with  the  molten  rock,  and 
that  steam,  not  static  pressure,  is  the  vis-a-tf^rgo.  It  is,  of 
course,  very  probable  that  the  access  of  water  to  the  volcanic 
focus*  is  generally  caused,  or  facilitated,  by  such  crust  move- 
ments as  would  at  the  same  time  result  in  the  production  of 
more  heat,  and  perhaps  of  fused  rock ;  such  movements  being 
indicated  by  the  (mostly  slight)  earthquakes  that  so  frequently 
precede  a  period  of  volcanic  activity.  Button's  objection,  that 
according  to  Mallet's  view  each  eruption  ought  to  be  preceded 
by  a  sensible  subsidence,  is  therefore  groundless. 

One  point,  however,  must  strike  every  reader  of  the  original 
memoir,  viz :  the  pre-eminence  given  by  Mallet  to  the  crushing 
of  solid  rock  as  the  means  of  producing  heat  and  fusion.  One 
would  naturally  look  to  the  results  of  his  experiments  on  this 
subject  for  the  proof  of  the  efficiency  of  this  agency.  But  we 
find  that  the  maximum  of  temperature  resulting  from  the  crush- 
ing to  powder  f  of  the  hardest  rock,  is  something  over  217° 
Fahr.  This,  then,  represents  the  maximum  increment  of  tem- 
perature that  can  be  rendered  efficient  toward  the  fusing  of 
rocks  by  the  crushing  process,  under  the  most  favorable  cir- 
cumstances, viz :  upon  the  supposition  that  it  takes  place  in- 
stantaneously, or  under  such  circumstances  that  the  heat  can- 
not be  conducted  away ;  and  farther,  that  the  resistance  of  the 
rock  has  not  been  materially  diminished  by  the  downward  in- 
crease of  hypogeal  temperature.  At  the  most  moderate  dei)ths 
at  which  volcanic  phenomena  can  be  supposed  to  originate,  the 
last  mentioned  factor  must  exert  a  verv  considerable  influence, 
reducing  materially  the  available  heat-increment  Hence  the 
numerical  results  of  Mallet's  laborious  experiments  on  rock- 
crushing,  however  interesting  and  useful  as  aflFording  a  definite 
measure  of  the  thermal  effects  producible  by  this  means,  yet 
fiiil  to  carry  conviction  as  to  the  efficacy  of  this  particular 
modus  operandi  in  reducing  large  masses  of  solid  rock  to  fusion 
— unless  essentially  supplemented  hj friction;  not  so  much  of 

^  HuUon  {he  eU.)  avers  that  "  to  cause  a  volcano  the  heat  must  go  to  the  water 
— the  water  cannot  go  to  the  heat;"  but  omits  any  explanation  of  this  singular 
axiom. 

f  MaUet  does  not  go  into  the  consideration  of  the  physical  nature  of  this 
"  powder,''  and  of  the  thermal  and  other  differences  likely  to  result  from  its  pro- 
duction under  pressures  enormously  greater  than  those  employed  by  him. 
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rock  walls  a^inst  each  other,  but  more  probably  by  the  heat 
produced  witnin  more  or  less  comminuted  cktritaL,  or  igneo- 
plastic  masses,  by  violent  pressure  and  deformation. 

It  may  be  doubtful  what  would  be  the  physical  and  thermal 
eflfect  of  enormously  great  pressures  upon  rock  powder  such  as 
was  produced  in  Mallet's  experiments ;  but  it  would  seem  that 
if  made  to  yield,  the  frictional  eflfect  must  produce  very  hkh 
temperatures.  A  fortiori^  solid  detrital  masses  of  varioudy 
sized  fragments  intermingled  (such  as,  rather  than  powder, 
would  be  likely  to  result  from  steady  pressure),  yielding  rapidly 
under  great  pressures,  might,  under  the  combined  infiuence  if 
friction  and  rock  crushing^  well  be  supposed  to  reach  the  tempe^ 
ature  of  fusion,  which  a  simple  crushing  of  a  solid  mass  by 
pressure  would  have  failed  to  produce.  Mallet  mentions  the 
probable  influence  of  friction,  and  of  the  squeezing  of  igneo- 
plastic  masses ;  but  does  not  attach  to  these  agencies  sucn  im- 
portance as  they  seem  to  me  to  deserve. 

Of  the  complex  thermal  eflGects  of  the  movements  of  detrital 
masses  under  great  pressure,  Mallet's  figures  of  course  oflfer  no 
measure  whatsoever ;  nor  is  this,  or  even  the  thermal  co-effi- 
cients resulting  from  his  rock-crushing  experiments,  at  all 
necessary  to  the  establishment  of  the  postulates  of  his  theory. 

Taking  for  granted  the  correctness  of  Him*s  theorem,  **  that 
the  heat  evolved  in  the  crushing  of  rigid  bodies  is  the  equiva- 
lent of  the  work  performed,"  Mallet's  experiments  on  the  con- 
traction of  fused  rock  in  cooling,  and  nis  estimates  of  the 
amount  of  volcanic  energy  manifested  on  the  globe,  coupled 
with  that  of  the  earth's  annual  loss  of  heat,  completed  the  proof  of 
the  quantitative  adequacy  of  the  cause  invoked  by  him.  And 
when  it  is  understood  that  the  earth's  present  loss  of  heat  dur- 
ing sixteen  and  a  half  years  is  the  mecnanical  equivalent  of  all 
the  volcanic  work  performed  since  the  period  of  fissure  erup- 
tions, the  burden  of  proof  of  the  qualitative  inefficiency  of  the 
several  modes  of  action  that  may  come  into  play,  would  seem 
to  be  effectually  thrown  upon  the  opponents  of  tne  theory. 

Among  these  modes  of  action,  the  fusion  of  masses  already 
existing  in  a  pasty,  or  generally  more  or  less  igneo-plastic  con- 
dition, by  squeezing  or  forcible  displacement,  seems  to  me  to 
deserve  especial  attention.     At  the  depth  at  which  volcanic 

Ehenomena  must  be  supposed  to  originate,  this  condition  must 
e  closely  approached  ;  especially  in  the  early  times  of  the  vol- 
canic period — that  of  the  "  Maare"  of  the  Eifel,  and  other  sim- 
ilar cases  representing  the  transition  phase  between  the  r^me 
of  fissure  eruptions  and  that  of  volcanoes  proper.      In  this 

Seriod  of  a  "greatly  stiffened  and  thickened  crust,"  even  slight 
exures,  whether  synclinal  or  anticlinal,  would  occasion  great 
displacements  and  movements  in  the  half-stiffened  upper  layers 
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of  the  "viscous  couche;"  and  if  these  experienced  local  re- 
fusion, the  fused  matter  may  well  be  presumed  to  have  often 
been  disposed  of  by  eruption  through  nssures  or  volcanic  vents, 
rather  than  by  overcoming,  downward,  the  inertia  of  the  vis- 
cous couches.  This  mode  of  action  seems  to  me  likely  not 
only  to  afford  a  more  copious,  but  also  a  more  constant  or  last- 
ing source  of  supply,  than  the  supposed  crushing  of  solid  rock, 
and  appears  especially  applicable  to  the  case  of  large  fissure 
eruptions. 

Among  the  greatest  services  rendered  by  Mallet's  (or,  in  this 
connection,  Wurtz')  theory,  is  the  unstrained  explanation  of 
many  of  the  phenomena  of  metamorphism,  that  were  quite 
unintelligible  so  long  as  the  heat  reauired  for  the  observed 
changes  was  supposed  to  be  derived  from  below,  and  perhaps 
by  transmission  through  strata  which  themselves  had  experi- 
enced little  or  no  change  of  condition.  The  principle  that  the 
heat  evolved  in  the  flexure  or  forcible  compression  of  strata  is, 
cceieris  paribus^  proportional  to  the  resistance  offered  by  them 
to  the  external  force,  throws  a  flood  of  light  upon  numerous 
apparently  contradictory  phenomena,  which  have  long  been 
quoted  as  incompatible  with  the  doctrine  of  metamorphism  as 
held  in  this  countrv,  and  have  stood  in  the  way  of  its  general 
acceptance  by  geolo^sts,  particularly  on  the  continent  of 
Europe.  In  its  application  to  the  formation  of  synclinoria 
especially,  the  principle  works  most  instructively  and  satisfac- 
torily, it  can  scarcely  be  doubted  that  in  the  first  folding  of 
the  vertex  of  a  geosynclinal,  weakened  below  by  fusing  away 
and  heating  of  the  crust  and  lowest  strata,  the  movements 
were  comparatively  localized  and  rapid,  and  therefore  capable 
of  producing  high  temperatures,  ana  their  results  such  as  we 
now  usually  find  them  along  the  main  axes  of  elevation  of  syn- 
clinoria. But  as  the  resistance  along  this  axis  increased  by 
emergence  and  solidification,  the  points  of  yielding,  i.  e..  the 
folds,  would  be  multiplied^  while  the  absolute  amount  of  motion 
transformable  into  heat  would  be  diminished  in  each.  Hence 
the  decrease,  in  general^  of  metamorphic  effects,  as  we  recede 
from  the  main  axis.  And  yet  it  is  perfectly  easy  to  conceive 
of  lar^e  local  exceptions  to  the  general  rule  (such  as  we  actu- 
ally observe),  on  the  basis  of  greater  resistance  in  perhaps  a 
localized  stratum  of  a  lateral  fold,  vet  so  situated  that  it  could 
not  successfully  resist  the  influence  of  an  advantage  of  lever- 
age causing  a  rapid  deformation.  It  is  even  predicable  that 
under  such  circumstances,  sudden  breaks  and  crushings  must 
occasionally  have  occurred,  giving  rise  to  fusion  of  rocks  and 
limited  fissure  eruptions^,  or.  at  the  least,  to  pastv  rock  intru- 
sions, as  suggested  by  Dana,  for  granitic  and  analogous  veins, 
that  show  no  evidences  of  the  co-operation  of  very  high  temper- 
ature in  the  act  of  formation. 
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LeConte*8  view,  that  the  first  mashing  of  a  geosynclinal 
would  produce  less  heat  than  later  plications,*  in  which  (pre- 
sumably) a  greater  resistance  would  have  to  be  overcome, 
seems  hardly  to  be  compatible  with  facts  as  generally  observed, 
away  from  the-  Pacific  coast  eruptions ;  and  his  argument  is  the 
less  cogent,  as  the  temperature  produced  is  a  function,  not  onlv 
of  the  resistance  of  the  rocks,  but  also  of  the  degree  and  rapii 
ity  of  the  motions,  both  of  which  have  been  on  the  decrease  in 
late  geological  periods,  ia  accordance  with  the  diminishing 
rate  of  contraction  of  the  earth  and  the  increased  resistance  of 
the  crust  to  flexure. 

While  Mallet's  theory  accounts  satisfactorilv  for  earthquake 
phenomena  and  volcanic  activity  as  manifested,  since  the  cessa- 
tion of  fissure  eruptions :  and  also  for  the  gradual  or  sudden 
depression  of  both  large  and  small  areas,  even  subsequent  to 
that  time ;  it  makes  no  provision  for  their  elevation^  and  there- 
fore leaves  unexplained  the  numerous  oscillations  of  level  of 
which  we  find  the  record,  down  to  our  own  time.  In  assum- 
ing the  movements  as  taking  place  exclusively  within  the  solid 
shell,  he  (unnecessarily  as  it  seems  to  me)  leaves  a  point  open 
to  objection. 

Wnile  admitting  that  slow  secular  oscillations,  or  those  minor 
changes  of  level  constantly  occurring  in  volcanic  areas,  may 
even  now  in  many  cases  be  reasonably  attributed  to  changes  of 
temperature  occurring  within  the  solid  rocks  themselves,  and 
within  their  limits  of  elasticity  :  it  is  impossible  to  assign  this 
as  an  adequate  cause  of  those  extensive  oscillations  which 
have  characterized  the  Quaternary  period,  and  are  recorded, 
e.  g.,  by  the  raised  beaches  of  the  North  Atlantic  coasts  and 
inlets ;  and  by  the  drift  pebbles  even  now  found  four  hundred 
and  fifly  feet  below  the  level  of  the  Gulf  of  Mexico,  while  the 
emerged  formations  record  a  complementary  elevation  to  at 
least  a  similar  extent  during  the  Terrace  epoch.  This  record 
of  an  oscillation  of  near  a  thousand  feet  on  the  Gulf  shore 
since  the  glacial  drift  epoch,  implies  at  least  a  corresponding  one 
over  the  greater  portion  of  the  area  drained  by  the  Mississippi, 
unless  that  river  flowed  backward  at  one  time.f     Doubtle^ 

*  On  the  great  Lava-flood  of  the  West    This  Journ.,  March,  1874,  p.  1*79. 

f  It  is  a  curious  fact  that  in  the  various  hypotheses  regarding  the  osciUations  of 
the  continental  interior  during  the  Drift  epoch,  the  facts  observed  on  the  Gulf 
shore  have  over  and  again  been  quietly  ignored ;  although  the  Gulf  is  unequivo- 
cally the  natural  reference  level  most  directly  related  to  that  interior,  not  only  at 
the  present  time,  but  as  the  direction  of  the  Drift  currents  and  the  trend  of  the 
formations  show,  ever  since  the  time  of  the  Cretaceous  emergence.  Nevertheless, 
the  reference  level  has  been  sought  beyond  the  Allegheny  upheavals,  or  beyond 
the  fixed  Azoic  area  upon  which  the  movement  appears,  in  a  measure,  to  have  piT- 
oted,  and  where,  as  Dana  has  shown,  it  was  materially  diminished  in  extent. 
Assuredly,  no  hypothesis  which  disregards  the  changes  of  level  registered  at  the 
continental  outlet,  has  any  raiaon  d^ftre  I 
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these  oscillations,  like  the  glaciatioD  of  which  they  probably 
were  cooperative  causes,  were  of  continental  extent,  as  was  the 
(more  or  less  contemporary)  emergence  of  the  Siberian  plain ; 
and  as  such,  they  must  be  presumed  to  have  been  true  move- 
ments of  the  earth's  crust,  although  lying  quite  within  the  vol- 
canic period  proper.  It  is  but  reasonable  to  suppose  that  the 
sinking  of  the  great  Pacific  area  was  then,  and  may  still  be,  of 
a  similar  nature. 

If  Mallet^s  theory,  as  well  as  the  geological  facts  with  which 
it  deals,  is  incompatible  with  Hopkins'  and  Thomson's  postu- 
late of  extreme  rigidity ;  if,  as  it  appears  to  me,  the  events  of 
very  recent  geological  epochs,  in  connection  with  the  very  slow 
rate  of  cooling  since  that  time,  render  it  unlikely  that  the  crust 
can  even  now  be  considered  as  rigid  in  a  geological  sense ;  if 
finally,  as  Gen.  Barnard  affirms,  the  astronomical  objection  to 
a  comparatively  pliant  crust  and  liquid  nucleus  is  not  absolute, 
but  may  be  obviated  by  admissible  assumptions  regarding  the 
mode  of  distribution  of  the  solid  and  liquid  matter  constituting 
the  globe :  we  are  led  to  the  reasonable  assumption  that,  while 
the  thickness  and  rigidity  of  the  crust  is  evidently  too  great  to 
admit  of  fiirther  folding,  or  fissure  eruptions,  and  (probably)  to 
admit  of  connecting  ordinary  volcanic  phenomena  directly  with 
the  (virtually  or  actually)  liquid  interior,  yet  we  need  not  as- 
sume it  to  be  so  great  as  to  render  the  crust  incapable  of  yield- 
ing somewhat,  on  a  large  scale^  to  static  upward  pressure.  Such 
pressure  may  be  either  the  resultant  of  tangential  stress,  such 
as  might  slightly  deform  an  arch  without  fracture  or  folding  ; 
or  even  the  direct  result  of  a  corresponding  subsidence  else- 
where. 

The  latter  effect  would  of  course  be  incompatible  with  a 
shrinking  away  of  the  fluid  interior  from  the  crust,  as  required 
by  Mallet's  theory,  if  it  were  necessary  to  assume  that  the  inte- 
rior crust-surface  is  substantially  "  smooth,"  i.  e ,  free  from  im- 
portant downward  projections  or  upward  sinuosities.  But  so 
far  from  this,  the  cooling  influence  that  has  so  long  acted  on 
the  oceanic  areas,  contrasted  with  those  enormous  outwellings 
of  igneous  rock  that  have  occurred  even  in  late  Tertiary,  or 
Post- Tertiary  times,  together  with  other  considerations,  necessi- 
tate the  assumption  that  such  inequalities  do  exist  to  a  notable 
extent  Hence  the  overlapping  alluded  to  by  Mallet,  of  the 
period  of  fissure  eruptions  and  of  that  of  volcanic  activity 

S'oper,  which  appear  to  have  coexisted,  in  different  portions  of 
e  globe,  from  early  Tertiary  to  early  Quaternary  timea  For 
even  Mallet  himself  considers  the  outpourings  of  igneous  rocks 
on  the  Pacific  coast  as  "  wholly  inconsistent  with  existing  vol- 
canic forces,"  and  few  geologists  will  agree  with  LeConte  *  in 

*  This  Journal,  March,  1874,  p.  119. 
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ascribing  precisely  these  most  extensive  fissure  eruptions  in 
the  world  to  the  ^ineffectual  fires"  of  the  volcanic  period,  aris- 
ing alone  from  transformed  motion. 

Indeed,  it  is  not  easy  to  understand  the  precise  mechanism 
ot  the  great  fissure  eruptions  as  a  consequence  of  nucleal  con- 
traction, without  the  aid  of  some  static  head  of  pressure  that 
may  exist  more  or  less  locally,  in  consequence  ox  inequalities 
in  the  crust  (whether  of  form,  thickness  or  density),  and  thns 
act  as  a  vis-a-tergo. 

At  first  blush,  the  *^  squeezing  out  of  sub-mountain  liauid 
matter,''  assumed  by  LeConte  as  nie  consequence  of  the  folding 
and  fissuring  of  strata  by  tangential  thrust,  appears  nataral 
enough.  Yet  it  seems  hardly  possible  that  tne  same  force 
which  makes  and  elevates  mountain  folds  (being  the  resuU  </ 
interior  shrinkage  should  at  the  same  time  serve  to  compress  the 
interior  liquid ;  unless  either  such  folding  occurs  beneath  the 
general  level  of  the  liquid ;  or  the  latter  is  locally  confined ; 
or  the  movement  is  so  (comparatively)  brusque  or  cataclysmal, 
that  viscosity  would  prevent  the  lateral  or  downward  escape  of 
the  liquid  rock.  In  the  case  of  the  Pacific  eruptions,  the  evi- 
dence of  steady  static  outflow,  and  regular  upbuilding,  is  espe- 
cially cogent ;  and  as  LeConte  remarks,  it  has  been  slow  work 
— as,  indeed,  is  usually  or  universally  the  case  with  mountain 
building.* 

The  assumption  of  locally  limited  fire  seas  with  a  solid 
globe,  as  made  by  Danaf  in  conformity  with  Hopkins's  views, 
would  remove  the  difficulty,  if  the  crust  could  be  assumed 
as  contracting,  on  the  whole,  independently  of  the  portions  over 
fire  seas.  But  when  we  come  to  discuss  the  application  in 
detail  of  this  intrinsically  improbable  hypothesis,  we  find  the 
required  extent  and  localities  of  these  fire  seas  to  be  such,  that 
we  can  hardly  imagine  them  to  be  effectually  separated  from 
each  other ;  in  other  words,  we  approach  very  near  to  a  condi- 
tion of  general  under-erust  fluidity,  up  to  late  geological 
periods.^  It  then  becomes  a  question  of  minor  importance, 
whether  there  is  a  central  nucleus  solidified  by  pressure,  or 
whether  all  within  the  crust  is  actually  liquid. 

*  When  LeConte  says  (loc.  cit.,  p.  179)  that  the  outaqueezing  of  the  liquid  has 
been  caused  by  "  enormous  horizontal  pressure,  determined  by  the  interior  con- 
traction of  the  wJiole  earth;"  and  then  (p.  180)  that  '*  whether  by  uplifting  or  qh 
building,  the  actual  increase  of  height  would  be  precisely  the  same,  being  deter^ 
mined  by  the  amount  of  lateral  crushing,"  he  seems  to  think  of  cnut-oontractioa 
upon  a  nucleus  too  large  for  it,  rather  t£tn  of  Mallet's  **  freely  descending"  crust 
Or,  if  he  considers  the  fused  rock  as  the  result  of  motion  transformed,  it  is  diffi- 
cult to  see  on  what  ground  a  simple  "  uplifUng^^  oould  be  considered  the  preciae 
mechanical  equivalent  of  an  upbuilding  by  eruption  of  liquid  rode.  In  either  case 
the  lifting  done  would  be  the  same ;  but  what  of  the  enormous  hetU  o/fmon  t 

!0n  some  of  the  Results  of  the  Earth's  Contraction,  this  Jour.,  Aug.,  1873,  p.  106. 
Ibid.,  July,  1873,  p.  7  and  ff. 
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The  inherent  improbability  of  the  depression  of  a  geosyncli- 
nal  trough  to  a  level  so  low  as  to  allow  the  liquid  rock  to  rise 
into  it,  as  it  were,  is  too  great  to  render  its  discussion  necessary. 

Indeed,  it  seems  almost  impossible  to  imagine  a  mechanism 
explaining  satisfactorily  fissure  eruptions  such  as  those  of  the 
Pacific  coast,  on  the  basis  of  a  slowly  contracting  solid  crust 
with  a  rapidly  contracting  liquid  layer  or  nucleus  oeneath.  A 
more  satisfactory  explanation  seems  possible,  if  in  accordance 
with  Mallet's  suggestion,  and  the  intrinsic  probabilities  of  the 
case,  we  assume  the  existence  of  a  thickly  viscid,  igneo-plastic 
under  crust  layer.  Such  a  layer,  while  barely,  or  very  slowly, 
obeying  the  laws  of  lic^uid  equilibrium,  would  be  capable  of 
being  liquified  by  a  slight  increase  of  temperature,  such  as 
might  be  produced  by  squeezing  or  kneading.  Portions  of 
such  plastic  matter  would  occasionally  become  involved  in  the 
anticlinal  folds  of  synclinoria,  and  thus  supply  the  material  for 
limited  fissure  eruptions,  in  that  case  literally  "squeezed  out" 
But  the  inverse  ratio  pointed  out  by  Dana  as  existing  between 
folding  and  fissure  eruptions,  points  to  the  rarity  of  such  events. 

At  any  rate,  they  could  not  explain  the  outwellings  of  the 
Pacific  border,  which  continued  long  after  close  plications  had 
ceased  to  be  made ;  in  fact,  as  it  would  seem,  up  to  the  end  of 
the  period  of  elevation  of  the  main  Sierra  Nevaaa. 

It  is  but  fair  to  assume  that  near  lines  of  weakness  indicated 
by  plications  or  fissure  eruptions,  the  isogeotherms  have  been 
dunng  the  elevation  of  mountain  chains  (and  probably  still  are 
where  such  lines  are  marked  by  volcanic  vents)  considerably 
above  their  general  level.  In  an  anticlinal  upheaval,  they 
would  probably  conform  to  the  progress  of  the  sublevatory 
movement,  in  a  ratio  more  or  less  directly  proportional  to  the 
rapidity  of  the  upward  movement;  ana  would  gradually 
descend  during  periods  of  repose.  This  would  happen  inde- 
pendently of  any  heat  generated  by  transformation  of  motion. 

In  a  polygenetic  chain  like  the  Sierra  Nevada,  after  the  col- 
lapse and  folding  of  the  geosynclinal  and  the  subsequent  stif- 
fening of  the  backbone  (so  to  speak),  anv  further  elevation 
of  the  main  ridge  becomes  a  quasi  anticlinal  movement,  accom- 

Eanied  necessarilv  by  the  compression  and  **  squeezing"  of  the 
eated  rocks  embraced  within  the  arch.  The  heating  being 
greatest,  cceteris  paribus^  where  the  resistance  and  motion  is  a 
maximum,  more  heat  would  be  generated  by  the  compression 
of  the  upper,  half-stifiened  portion  of  the  viscous  or  igneo-plastic 
layer,  than  in  the  lower  ones ;  and  the  liquid  matter  so  lormed 
would  constitute  a  head  of  pressure,  from  which  fissure  erup- 
tions might  derive  their  material;  whether  directly,  or  by 
pressure  communicated  to  more  distant  points  of  rupture  and 
fusion  by  lateral  stress. 
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If  then,  as  LeConte^s  data  seem  to  show,  the  final  and  most 
considerable  anticlinal  elevation  of  the  great  interior  ran^took 
place  during  the  same  period  that  witnessed  the  great  nsssore 
eruptions  of  the  Coast  and  Cascade  ranges,  it  may  not  be  un- 
reasonable to  suppose  these  events  to  have  not  only  been  con- 
temporaneous, but  to  have  borne  to  each  other  something  of 
the  relation  of  cause  and  effect :  and  that  each  of  the  numerous 
superimposed  strata  of  i^eous  rock  in  the  latter  region  may 
represent,  not  only  the  direct  eflfect  in  loco  of  more  or  leas  par- 
oxysmal thrusts,  but  also  the  reflex  action  of  the  simultaneously 
progressing  anticlinals  in  the  high  Sierras. 


Abt.  LI. — On  the  Age  of  the  Lignitic  formations  of  the  Bodcy 

Mountains;  by  L.  Lesquebeux. 

Prof.  J.  S.  Newberry  has  published,  in  a  former  number  of 
this  Journal  {On  the  Lignites  and  Plant-Beds  of  Western  Amer- 
ica), some  remarks  bearing  directly  on  my  views  of  the  Eocene 
age  of  the  Lower  Lignitic  formation.  As  the  data  from  which 
my  conclusions  have  been  derived  are  therein  incorrectly  rep 
resented,  I  find  it  necessary  to  state  the  case  as  it  is,  merely 
considering,  in  this  answer,  the  advantage  of  science,  in  order 
that  subsequent  researches  in  our  American  vegetable  paleon- 
tology may  not  be  encumbered  by  misunderstandings. 

I  will  successively  answer  the  propositions  of  Dr.  Newberry. 
which  are  presentedf  as  follows : 

IsL  The  flora  of  the  Colorado  Lignite-beds  has  almost  noOiing  in 
common  with  that  of  the  European  Eocene.  Its  botanical  aspect  is 
cerUiinly  entirely  different^  and,  in  my  judgment,  not  a  single  species 
and  scarcely  any  genera  are  found  in  both.^^*  In  confirmation  of 
this  statement  and  to  prove  the  assertion  that  "  in  a  botanicul 
ointof  view  he  is  quite  safe  in  the  statement  that  the  Eocene  flora 
as  not  yet  been  recognized  in  this  country,  he  adds:  t/iaX  fhe 
Eocene  flora,  as  exhibited  in  the  Island  of  Sheppey,  at  ML  Boka^ 
etc.,f  has  a  distinctly  tropical  and  Indo- Australian  character. 

This  last  statement,  literally  translated  from  Pro£  Heer  (Flor. 
Tert  Helvet,  iii,  p.  314),  forces  me  to  consider  the  matter 
with  somewhat  more  detail  than  I  should  have  done  if  I  had 
been  limited  to  the  examination  of  facts  concerning  our  Ameri- 
can paleontology  only.  And  I  am  the  more  disposed  to  meet 
the  objection,  because  I  have  already  exchanged  some  remarks 
on  this  subject  with  Pro£  Heer. 

The  flora  of  Sheppey  cannot  be  taken  into  account  for  a 
comparison  with  the  fossil  plants  of  our  Lignitic,  mostly  repre- 

*  Loc  cit,  p.  400.  f  Loo  dt,  p.  402. 
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seoted  by  leaves,  for  the  ffood  reason  that  this  flora  of  Sheppey 
or  of  the  London  clays  has  famished  to  the  researches  and  to 
the  examination  of  Bowerbank  a  large  number  of  fruits — nuts 
and  seeds,  of  various  and  uncertain  affinity — and  nothing  more. 
They  are  literally  heaped  in  the  clay,  without  any  trace  of 
leaves  or  of  other  vegetable  organs.  Fruits  of  this  kind  have 
not  been  found  elsewhere  in  the  Tertiary  strata  of  Europe,  ex- 
cept a  few  mentioned,  and  not  yet  described,  from  Mt  Bolca, 
by  Massalongo,  and  two  Nipadites  (the  genus  which  more  than 
any  otlier  represents  an  Indo- Australian  type),  in  the  Miocene 
of' the  Bouches  du  Khone,  France.  These  Sheppey  fruits,  as 
Heer  remarks,  are  not  characteristic  of  the  formation,  and  do 
not  even  furnish  any  evidence  on  the  climate  of  the  locality 
where  they  are  found,  as  they  may  have  been  floated  from  great 
distances  and  are  analogous  to  existing  deposits  of  this  kind  at 
the  mouth  of  the  Ganges.  The  flora  of  the  Island  of  Wight, 
at  Alum  Bay.  recognized  as  Eocene,  has  furnished  leaves  of 
Azaltaj  Daphnogenej  Ficus^  Z*zyphu8^  Cossalpinia^  which,  according 
to  Heer,  have  such  a  marked  tropical  and  subtropical  character 
that  the  fruits  of  Sheppey  may  have  been  derived  from  the 
plants  of  this  region.  These  leaves,  to  quote  the  same  author- 
ity, are  very  similar  to  species  of  Mt  Bolca ;  three  species  are 
identified  as  the  same,  and,  too,  a  number  of  them  are  Miocene, 
as  Qiierctis  Lonchitis  Ung.,  Lauras  primigenia  Ung.,  Myrica 
{Dryandra)  acutHoba  Brgt,  Cassia  phaseolites  Ung.,  and  other 
species  of  Laurvs,  together  with  species  of  Qtiercus  and  Jxiglans. 
As  no  description  has  as  yet  been  given  by  Massalongo 
of  the  species  of  the  Eocene  of  Mount  Bolca,  from  which 
Heer  derived  his  statement  in  regard  to  its  character,  we 
have  no  data  for  comparison.     In  his  table  of  the  families  of 

Slants  which  Massalongo  has  observed  in  the  Mt.  Bolca  flora, 
[eer  mentions  as  more  numerously  represented  48  species  of 
Algce^  6  Podocarpi^  7  Pahns^  5  Proieacece^  10  Ericxuxoe^  10  JStercu- 
lioBj  15  Leguminosoij  etc.  Neither  in  this,  nor  in  the  comparison 
of  species  made  above,  can  I  find  a  more  marked  Indian  and 
Australian  type  than  is  indicated  by  what  I  consider  as  our 
Eocene  flora.  But,  further,  the  genera  named  fix)m  Alum  Bay, 
Daphnogene^  Ficus^  Lauras^  Quercus^  Myrica^  are  all  represented 
in  our  Lower  Lignitic  flora ;  and  of  species  positively  identical 
with  those  of  Alum  Bay,  we  have  Lauras  primigenia  and  Quer- 
cus  furcinervis,  this  last  from  Black  Butte,  also  sent  by  Prof 
Joa  LeConte  in  numerous  and  very  fine  specimens  from  Ter- 
tiary strata  overlaid  by  lava  beds,  in  Oregon,  together  with 
leaves  of  Podocarpusj  also  a  European  Eocene  genus.  And  as 
very  closely  allied  to,  if  not  identical  with  Alum  Bay  and  Mt 
Bolca  species,*  we  have  a  Daphnogene  from  Golden,  and  a 

^  Neither  the  spedee  of  Alumbaj  nor  those  of  ICt  Bolca  have  been  described  \ 
a  doee  compariaon  ia  therefore  not  poeaible. 
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Myrica  from  Black  Butte ;  these,  with  a  number  of  species  of 
Palm  and  of  Fucoida  So  much  for  the  assertion  that  nai  ont  af 
the  species,  not  even  a  genus  of  the  Eocene  of  Alum  Bay  and  Mt 
Bolca,  are  represented  in  our  Eocene  flora. 

But  this  question  has  to  be  considered  firom  another  point  of 
view.  Prof.  Heer  has  included  nearly  the  whole  Tertiaiy 
flora  of  Europe  in  a  single  division  of  the  Tertiary,  the  Mio- 
cene, referring  to  it  the  Sotska,  the  Mt.  Promina,  the  Bom- 
st»dt)  the  Mt  y^rone  floras,  etc.,  which  he  places  in  the  Ton- 
grian  or  Lower  Miocene.  Except  perhaps  ibr  the  flora  of 
Sotska,  the  European  paleontologists  have  not  admitted  this 
division.  Neither  Ettinghausen,  nor  Saporta,  nor  Schimp^ 
have  taken  it  into  account  in  their  works.  Even  Prof.  Heer,  in 
his  introduction  to  the  flora  of  Bomstsedt,  is  undecided  as  to 
its  reference  to  the  Eocene  or  the  Miocene.  Now  it  is  eepe- 
ciallv  to  the  Upper  Eocene  flora  of  Europe,  as  known  from 
Mt  rromina,  Bornstsedt,  the  lower  gjrpsum  beds  of  Aix,  the 
old  Travertines  of  Sezane,  these  last  positively  referred  to  the 
Eocene  by  Saporta,  that  our  Lower  Lignitic  flora  is  related ;  not 
only  by  most  of  its  genera  but  by  positively  identified  speciea 
With  the  Promina  flora  we  have  as  identical  Sphenopteru 
eocenica,  Goniopteris  polypodioides,  Flabellaria  latania  and  appar- 
ently^ Paliurus  zizyphoides  ;  and  also  from  Golden  this  year  two 
species  of  Nelumbium,  one  of  which  is  closely  allied  to  if,  JBuchU 
of  the  same  Promina  flora ;  with  that  of  Bomstsedt,  a  Pteris 
and  a  Diplazium,  intimately  related  to  Pteris  Parschlugiana 
and  Diplazium  Mulleri ;  Quercus  angustiloba  A  Br.,  which  Mr. 
Meek  and  myself  found,  in  fine  specimens,  in  the  hard  white 
sandstone  overlying  the  lowest  coal  bed  of  Golden,  at  a  short 
distance  above  the  Cretaceous  clay-beds,  with  Flabettaria  2Xn- 
keni,  Diospyros  brachysepala  and  Juglans  Ungeru* 

To  this  positive  evidence  by  identity  of  species  we  have  the 
general  Eocene  facies  of  Europe  representea  in  the  Lower  Lig- 
nitic flora  by  the  great  abundance  of  Sabal  leaves  and  palm 
fruits  in  all  the  localities  where  fossil  plants  have  been  found, 
from  Placi<Sre  Mountain,  New  Mexico,  to  Bock  Spring,  Wyom- 
ing. At  some  places,  as  at  Black  Butte,  Golden,  Colorado 
Spring  and  the  Raton,  the  palms  seem  to  have  composed 
one-half  of  the  whole  vegetation.  At  Golden,  Sabal  leaves 
have  been  found  of  enormous  size,  the  petioles  of  some  of 
them  measuring  three  inches  across  and  two  inches  on  each 
of  the  sides.  In  the  coal  also  are  found  large  carbonized 
trunks  of  palms,  whose  texture  is  perfectly  preserved  ;  and  all 
around  in  the  hills  the  ground  is  strewn  with  fragments  of 
silicified  wood  of  the  same  kind  of  plants.     In  Europe,  all  the 

*  This  last  species  is  not  positively  ascertained,  the  speciinens  at  the  past  Tear's 
oollection  being  now  under  examination. 
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Sabals  as  yet  described,  eight  species,  belong  to  the  Eocene, 
three  only  ascending  to  the  Miocena  With  this,  the  lower 
Lignitic  nora  has  a  predominance  of  fucoids,  already  remarked, 
and  of  subtropical  and  tropical  types,  not  seen  in  any  other 
stage  of  our  Tertiary,  and  still  less  in  the  Cretaceous  floras ; 
large  leaves  of  Ficus  of  the  palmate-nerved  section ;  of  Cinna- 
momumj  Dombeyopsis^  etc. ;  the  large  Platanus  Haydenii  and  PI 
Baynoldstij  both  abundant  at  Golden ;  also  laige  leaves  of  Mag- 
nolia^ Myrica  (formerly  Dyandroides)^  distinct  species  of  Qitercusj 
a  Viburnwn  whose  leaves  are  as  large  as  those  of  a  PkUanus  ; 
southern  types  of  Sapindus,  Rhxis^  Ilex,  and  Jvglans^  with  en- 
tire leaves. 

Prof  Heer  remarks  on  another  character  of  the  Eocene  flora 
of  Mt  Bolca,  a  negative  one,  which  is  perfectly  recognizable  in 
our  Lower  Lignitic  flora.  It  is  the  great  scarcity  or  nearly  total 
absence  of  some  families  and  genera  of  plants :  the  Conifers^ 
Salix,  PopiUuSj  AlntiSj  UlmuSj  Betuluj  Planera,  CoryluSy  Acer,  Tilia, 
Oarya,  etc.  All  these  forms  of  leaves  with  serrate  borders  are 
mostly  absent  from  our  Eocene  as  well  as  from  our  Cretaceous 
floras.  They  appear  at  a  higher  stage  of  the  Tertiary,  first  at 
Evanston,  more  abundant  still  at  Carbon,  and  still  more  in  the 
Upper  Miocene  flora  of  the  Green  Kiver  group. 

The  second  objection  of  Dr.  Newberry  is :  TJiat  the  tubercu- 
late  fucoid  HaiimeniteSj  considej'ed  by  me  as  a  diagnostic  of  the 
Eocene^  is  in  New  Mexico  the  most  characteristic  plant  of  the  Cre- 
taceous sandstone. 

But  this  so-called  Cretaceous  sandstone  with  Halim,eniies  is, 
most  probably,  the  heavy  sandstone  which  underlies  or  inter- 
sects the  Lignitic,  wherever  it  has  been  observed,  in  Colorado, 
New  Mexico  (as  fer  south  as  Trinidad,  at  least)  and  Wyoming. 
It  is  therefore  the  question  now  at  stake,  to  know  whether  this 
formation  is  Eocene  or  Cretaceous :  and  it  cannot  be  decided 
by  a  mere  affirmation.  We  cannot  say  anything  about  the 
flora  of  those  so-called  Cretaceous  strata  of  New  Mexico,  ob- 
served by  Dr.  Newberry,  before  his  fossil  plants  are  published, 
or  before  any  thing  pointing  out  their  exact  geological  relation 
is  ascertained.  Even  the  proximity  to  what  he  calls  the 
gypsiferous  marls  proves  nothing;  for  the  Dakota  group,  which 
appears  to  be  a  shore  formation,  does  not  extend  &t  to  the 
west,  and  to  my  belief  does  not  reach  New  Mexico.  If  it  is 
so,  the  Lignitic  there  should  be  in  close  proximity  to  the  Per- 
mian. But  this  is  mere  surmise,  and  I  will  not  go  out  of  my 
defensive  position.  It  is  for  Dr.  Newberry  to  furnish  sufficient 
evidence  on  the  geological  age  of  the  Lignitic  strata  which  he 
has  observed  in  New  Mexico,  and  when  he  has  done  it  as  posi- 
tively as  I  have  for  the  Lignitic  of  Colorado,  I  shall  certainly 
be  prepared  to  accept  his  decision. 
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To  return  to  the  second  objection  expressed  above,  I  refoae 
to  accept  as  my  own  the  assertion,  that  the  iuberctdate  Halimeniki 
18  a  diagnostic  of  the  Eocene.  I  have  merely  remarked  thai 
Prof.  Meek  and  other  paleontologists  have  found  it  in  all  the 
strata  like  those  of  Coalville  and  of  Bear  River,  where  no  other 
kind  of  fossil  plants  has  yet  been  discovered,  and  which  there- 
fore have  not  famished  to  vegetable  paleontology  any  other 
evidence  of  their  relation  to  tne  Eocene.  As  it  is  found  in 
abundance,  and  everywhere  in  connection  with  the  Lower 
Lignitic  sandstone,  I  bad  to  consider  this  fossil  as  a  kind  of 
leading  species  of  this  formation.  But  I  positively  remarked 
(p.  345  of  Dr.  Hayden's  Report)  upon  the  great  quantity 
of  fueoidal  remains  in  the  Lignitic  sandstone  of  the  Rock^ 
Mountains,  as  in  the  Eocene  of  Europe,  comparing  the  distn* 
bution  of  this  class  of  plants  in  botn  formationa  It  is  not 
therefore  this  Ilalimeniies  only  which  is  2kd\agnoatic  of  the  Eocene 
sandstone,  but  the  prodigious  quantity  of  the  fueoidal  remains 
of  numerous  species.  And  this  character,  when  I  saw  it  so  dis- 
tinctly marked  in  the  Raton  Mountains,  forcibly  recalled  to 
me  the  essential  facies  of  the  Mount  Bolca  and  of  the  Flysch 
Eocene  flora  of  Europe. 

In  the  same  way  Dr.  Newberry  has  misapplied  what  I  said 
of  the  great  abundance  of  Sabal  leaves,  as  indicating  the 
Eocene  age  of  the  Lignitic.  Contradictory  to  this  assertion,  he 
says,  that  Sabal  and  realms  are  common  enough  in  the  MiocenL 
Who  doubts  it?  We  have  Sabal  leaves  in  the  Pliocene  of  Cali- 
fornia; we  have  Sabals  living  at  our  time  and  in  our  climate; 
why  not  in  the  Miocene?  I  considered  the  presence  of  Sabal 
in  all  the  strata  of  the  Lower  Lignitic  as  a  proof  that  tliey  are 
not  of  Cretaceous  age.  No  Sabal  and  scarcely  any  trace  of  palms 
have  as  yet  been  recognized  in  the  Cretaceous  of  any  country.* 
This  cannot  be  negatived  by  asserting  that  they  are  common 
in  the  Miocene.  I  have  I'emarked  already  that  all  the  fossil 
species  of  Sabal  described  by  European  authors  have  been 
found  in  the  Eocene. 

The  third  objection  of  Dr.  Newberry  is  that   Prof    Meek, 
Marshy  Cope  and  Stevenson,  guided  by  molluscous  and  vertebrak 
remains  found  in  the   Colorado  Lignite    deposits,    consider   them 
Upper  Cretaceous, 

Though  these  geologists  have  perhaps  considered  the  lignites 
of  Colorado  as  Cretaceous,  I  do  not  know  that  they  have  found, 
in  support  of  their  opinion,  any  paleontological  evidence.  Prof. 
Meek,  according  to  liis  own  statement,  has  not  found  any  Cre- 

*  One  FtabdUiria^  F.  langirachis  is  described  by  TJnger  from  a  Cretaceous  forma- 
tion of  Muthsmannsdorf  in  Austria,  and  one,  F.  chafruerop^dUa  G^pp.,  from  tlM 
Quadersandstein  of  Silesia.  As  remarked  by  Schimper,  thej  belong  to  a  peculiar 
type  of  palm. 
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aceoas  shells  in  the  Lignitic  of  Colorado.  Those  of  Gt)lden 
some  from  the  clay  UDderljing  the  fucoidal  sandstone.  Why 
lid  not  Dr.  Newberry  quote  Hayden's  opinions  ?  No  geologist 
las  seen  so  much  of  the  Lignitic,  or  has  studied  it  so  carefully 
IS  he  has.  Everywhere,  in  connection  with  the  Lignitic  for- 
nation,  he  has  seen  this  sandstone,  which  he  calls  either  beds 
rf  passagej  or  of  transition^  or  positively  Eocevie.  He  has  even 
^und  in  Colorado  one  specimen  of  Inoceramus  at  its  base.  I 
bave  discussed  the  question  of  the  so-called  Cretaceous  evidence 
by  MoUusks  in  Hayden's  Keport  (1872,  p.  841),  and  will  not 
repeat  here  what  the  critic  could  have  answered  by  pointing  to 
positive  &cts,  if  he  had  had  any  in  contradiction  ox  my  asser- 
tions. But,  in  order  to  meet  any  &rther  discussion  on  this  sub- 
ject. I  will  take  the  case  as  it  is  clearly  stated  by  Dr.  LeConte, 
in  his  notes  on  the  Geology  of  the  Bio  Orande. 

He  makes  the  following  objections  to  my  opinion  on  the 
Tertiary  age  of  the  Lignitic.  I  quote  only  those  which  directly 
bear  on  the  question. 

1st  Thai  me  lignite  beds  west  of  the  Rio  Orande  were  found  by 
Dr.  Newberry  in  supposed  Jurassic  strata^  and  in  the  super-adja- 
cent  lower  Oretaceous  sandstones. 

2d  That  the  Ugnite  beds  of  the  Rio  Orande  VaUey  are  in  such 
zlose  proximity  to  the  gypsiferous  marl  series  as  to  require  their 
rrference  to  our  Western  Early  Oretaceous^  the  Dakota  group, 

8d  Tliai  the  beds  of  the  Raton  Mountains  are  undoubtecUy  Ore- 
taeeous,  since  both  Mr,  Otven  and  himself  have  obtained  Inocerami 
in  the  sandstone  containing  coal 

6th,  Thai  M,  Berihoud^  as  quoted  by  Hayden,  founds  in  1862, 
a  bed  of  coal  almost  identical  with  the  Oolden  City  bed,  with  bluffs 
Tne  and  a  half  miles  north,  containing  belemnites,  etc, 

6th.  Thai  Oen.  Pierce  obtained  on  each  side  of  a  coal-bed  near 
Platte  Cafion,  ammonites,  baculites,  etc 

On  the  first  and  second  paragraphs,  J  can  but  repeat  my  for- 
mer statement :  that  we  know  as  yet  nothing  of  the  lignite  beds 
of  the  Bio  Grande  and  southern  New  Mexico,  and  have  to  wait 
for  evidence  from  their  fossil  flora  to  certify  their  age.  Dr. 
LeConte,  however,  states,  on  page  40  of  his  notes,  a  fact  which 
seems  to  me  contradictory  to  what  he  is  endeavoring  to  prove. 
It  is:  that  from  the  proximity  of  the  marl  series,  the  absence  of  char- 
acteristic shells  of  the  Middle  and  Upper  Oretaceous,  and  the  known 
existence  {by  Dr.  NeAiberry^s  rqpor£\  of  Lower  Cretaceous  lignites 
west  of  Rio  Orande,  he  infers  that  trie  anthracite  beds  {the  Placiire 
coal),  belongs  to  that  period,  and  that  aU  the  beds  of  which  he  has 
information  along  the  valley  are  of  the  same  age* 

I  admit  this  last  statement,  that  these  beds  are  all  of  the  same 
age.  And  as  among  the  fossil  plants  found  in  connection  with 
that  Placiire  anthracite  are  Sabal  leaves,  sent  to  me  by  Dr. 

Am.  Joub.  Soi.— Thibd  Sbbieb,  Vol.  VII,  Na  4S.— Jxnn,  19ni4. 

28 


562    L.  Leaquereux — Lignitic  formaiiona  of  the  Hocky  MauiUamL 

LeConte,*  I  consider  it  as  Eocena  And  if,  as  I  remarked  aboTe, 
the  Dakota  group  does  not  extend  to  New  Mexico,  this  ex- 
plains the  absence  of  the  characteristic  shells  of  the  Middle 
and  Upper  Cretaceous,  and  the  position  of  Tertiary  lignite  in 
proximity  to  the  marl  series. 

On  the  third  paragraph  of  Dr.  LeConte,  I  have  nothing  to 
remark  but  this :  that  the  shells  reported  from  Dr.  Owen's  and 
Pro£  Cox's  exploration  were  found,  as  positively  recorded 
in  the  note  and  the  section  of  Prof.  Cox,t  at  the  base  of  the 
black  shales  (Cretaceous,  No  4  of  Hayden),  which  everywhere 
at  the  Baton  Mountains,  and  from  Trinidad  to  the  Spanish  Peak, 
underlies  the  Eocene  sandstone  which  supports  the  Lignitia 

The  discovery  of  Cretaceous  shells  half  a  mile  north  of  a 
bed  of  coal,  by  my  friend  Capt  Berthoud,  does  not  indicate 
that  the  8trata-l)earing  shells  overlie  the  coal.  At  Golden,  the 
distance  between  the  clay-bearing  Cretaceous  shells  and  the 
Lignitic  sandstone  and  coal  leaning  against  it  is  not  more  than 
a  few  rods.  The  Lignitic,  however,  overlies  the  CretaceoTi& 
And,  for  the  assertion  of  Gen.  Pierce  concerning  a  bed  of  coal 
on  the  Platte,  with  Cretaceous  fossils  on  both  sides,  as  nobody, 
not  even  Dr.  LeConte,  under  the  guidance  of  Gen.  Pierce,  has 
found  this  coal,  it  has  to  be  erased  from  the  page  of  reliable 
documents.  All  along  the  base  of  the  mountains,  especially 
from  Platte  Cafion  to  Coal  Creek,  the  Tertiary  and  Cretaceous 
strata  are  much  disturbed,  often  folded  and  crushed  vertically 
against  each  other,  and  their  relative  position  is  very  difficult 
to  ascertain.^: 

What  is  left  then  of  the  repeated  assertion  that  fossil  shells 
and  bones  of  Cretaceous  age  have  been  found  in  the  Lignitic 
basin  of  Colorado?  A  single,  badly-preserved  specimen  of 
InoceramitSj  found  at  the  Eaton  Mountains,  where  the  same 
locality  has  been  visited  by  a  number  of  geologists  and  ex- 
plorers, and  where  none  otfier  has  been  discovered.  I  do  not 
say  this  to  throw  the  slighest  doubt  on  the  reality  of  the  dis- 
covery, for  I  well  know  that  a  number  of  Cretaceous  animal  ' 
remains  are  found  in  Wyoming  over  beds  of  lignite.     But  I 

*  Dr.  Hayden  found  at  the  same  locality,  Pbptdus  baiaamoides^  Ileus  HHh^oHa, 
Cinnamomum  Mississippienae^  Magnolia^  etc.,  all  Eocene  plants. 

+  Prof.  E.  P.  Cox,  in  letter,  April  6th,  1874. 

;  Since  writing  this,  a  most  valuable  and  detailed  letter,  received  from  C«pt 
Berthoud,  settles  this  question,  as  follows :  "  1st.  That  if  Mr.  Stevenson  obeerred 
Inoceramus,  Baculites,  etc,  in  superposition  to  the  lignites,  it  was  dearij  a  case 
of  local  inversion ;  i.  e.,  that,  as  shown  in  our  lignitic  basin,  it  has  been  so  tilted 
up  that  with  the  coal  seams  near  it,  it  was  thrown  over  the  perpencUcular.  2d. 
That  as  remarked  to  Prof.  LeConte,  I  found  in  the  locality  named  a  coal  bed 
whose  dip  could  not  be  ascertained,  as  it  was  badly  cut  by  the  drainage  of  a  smaD 
gully.  In  bluffs  north  or  northwest,  1  found  several  Baculites  that  seemed  to 
come  from  a  clay  bed  in  the  bluffs ;  but  whether  the  coal  was  superposed  to  the 
day  or  the  day  to  the  coal,  I  could  not  say."  All  the  remarks  in  this  letter  and 
sections  of  the  localities  are  positive  evidence  of  the  Tertiaiy  age  of  the  Cdorado 
Lignitic.    More  of  it  will  be  quoted  in  my  report 
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remark  on  this,  in  order  to  meet  and  to  answer  another  unjust 
rebuke  of  Dr.  Newberry,  who,  after  repeating  his  assertions  of 
the^  discovery  of  Cretaceous  animal  fossils  over  the  Colorado 
lignite  deposits,  says : — "  Tkat  I  point  to  my  250  species  of  fossil 
plants^  claiming  that  they  far  outweigh  the  testimony  of  the  animal 
remains.^'  And  adds :  "  Infact^  however^  these  fossil  plants  have 
very  little  hearing  on  the  question.^^ 

The  above  is  also,  to  say  the  least,  a  colored  representation 
of  my  statements.  To  answer  the  objection  that  at  black  Butte, 
Coalville,  Bear  Kiver  and  other  localties  in  Wyoming,  the 
Lignitic  beds  and  sandstone-bearing  plants  have  been  recog- 
nized underlying  strata  with  fossil  Cretaceous  animals,  I  had  to 
examine,  if,  from  the  nature  of  its  compound  and  from  its  vege- 
table remains,  the  Lignitic  formation  should  of  necessity  be  con- 
sidered as  a  whole,  or,  if  it  could  be  separated  in  two  members, 
one  representing  the  Upper  Cretaceous,  the  other  Lower  Ter- 
tiary. For  this  examination,  of  course,  the  essential  documents 
to  be  considered  in  view  of  my  special  researches  are  the  fossil 
plants.  From  the  large  number  of  Fucoids  in  the  Lignitic 
sandstone,  from  the  identity  of  species  of  these  marine  plants 
found  by  Mr.  Meek  in  connection  with  Lignitic  strata  as  far 
down  as  the  arenaceous  beds  bearing  Cretaceous  animal  remains ; 
from  the  prodigious  preponderance  of  Palms,  recognized  also 
in  the  same  circumstances  from  New  Mexico  to  Wyoming,  etc., 
I  forcibly  admitted  the  unity  of  the  Lignitic  formation,  in  its 
whole,  and  therefore  limited  the  discussion  to  this  point :  the 
Cretaceous  or  the  Tertiary  age  of  the  formation.  In  order  to 
strenetben  my  position  in  regard  to  the  value  of  the  conclusions 
afforded  by  vegetable  remains,  I  compared  the  Lignitic  forma- 
tions to  those  of  the  Carboniferous  epoch,  remarking  that, 
having  positively  a  preponderance  of  land-plants  over  marine 
animals,  or  a  land  character,  thev  should  be  considered  as  land 
formations,  and  that  therefore  the  evidence  given  by  the  fossil 
plants  should  outweigh  in  importance  that  of  some  Cretaceous 
animal  remains,  whose  presence  could  be  considered  as  of  a 
casual  occurrence,  etc.  That  in  every  geological  formation, 
especially  in  every  land  formation,  like  that  of  the  Carbonifer- 
ous, fossil  animal  types  were  miore  or  less  in  non-coincidence 
with  the  vegetable  forms,  in  regard  to  the  data  furnished  by 
them  respecting  the  age  of  the  formations.  For,  in  the  Carbon- 
iferous, we  find  Devonian  mollusks  far  above  the  Millstone  grit, 
and  also  Permian  shells  far  below  the  base  of  the  Permian,  even 
as  far  down  as  the  middle  of  the  Carboniferous  measui^es. 
These,  however,  are  nevertheless  admitted  now  by  everybody 
to  constitute  a  single  homogeneous  formation,  which  is  not 
modified  in  its  essential  points  —  the  coal  beds  and  their 
plants — ^by  the  introduction  of  some  foreign  species.     Contrary 
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to  the  assertion  that  the  fossil  plants  have  little  bearing  on  the 
question,  it  is  clear,  therefore,  that  it  is  from  the  evidence  far- 
nished  by  v^etable  paleontology  that  the  question  has  to*  be 
decided. 

I  have  been,  however,  careful  to  consider  the  data  furnished 
by  animal  paleontology  in  regard  to  the  age  of  the  strata.  I 
have  quotea  Prol  MeeK^s  passage  of  a  letter  where  his  opinion 
is  recorded  rather  in  favor  than  in  contradiction  of  mine.  I 
could  have  remarked  too  that  he  has  even  found  at  Black  Butte 
and  identified  fresh  water  shells  of  the  species  of  the  Upper 
Missouri  Eocene :  that,  too,  certain  species  of  shells  found  in 
the  same  bed  with  Prof  Cope's  Dinosaurus  are  hardly  distin- 
guishable from  modem  species,  etc 

Prof.  Cope's  conclusions,  in  his  Review  of  the  Yertebrata  of 
the  Cretaceous,  &c.,  which  is  just  published^  do  not  in  the 
least  interfere  with  my  own.  They  prove  only  the  non-coin- 
cidence of  animal  and  vegetable  types  in  some  formations ;  and 
all  my  remarks  on  the  presence  oi  coal-beds  formed  fix>m  land- 
plants  and  of  yegetable  remains  as  furnishing  the  lo^cal  char- 
acters of  the  formation,  have  their  full  value.  This  discordance 
is  less  embarrassing  in  a  case  like  this  than  it  might  be  in  the 
case  recorded  by  Pictet,  who  derived  from  a  detailed  study  of 
the  animal  fossils  contained  in  the  Cretaceous  strata  of  St  Croix, 
Switzerland,  and  a  comparison  with  contemporaneous  repos- 
itories, an  argument  in  favor  of  the  idea  propounded  by 
Barrande:  that  two  successive  faunas  must  necessarily  have 
existed  together  for  some  tima  He  concludes  this  remark 
by  showing  that  paleontological  faunas  distin^ished  through- 
out by  marked  characters  are  not  ordinarily  susceptible  of 
any  rigorous  limitation.  That  may  be.  But  if  Tertiary  and 
Cretaceous  faunas  are  regarded  as  contemporaneous,  even  in- 
habiting the  same  repositories,  we  may  still  more  easily  admit 
that  a  Cretaceous  fauna  and  a  Tertiary  flora  have  sometimes 
succeeded  each  other  in  alternate  strata.  It  is  all  that  is  proved 
by  the  researches  of  Prof.  Cope  in  relation  to  my  own.* 

From  the  same  considerations  I  continue  to  admit  the  Lignitic 
of  Vancouver  Island  as  Eocene,  on  account  of  the  character  of 
its  fossil  leaves,  the  abundance  of  palms,  etc.,  even  against  the 
assertion  of  Dr.  Newberry,  that  this  formation  is  Cretaceousi 
These  leaves  were  sent  to  me  by  Dr.  Evans  in  1858,  and  m? 
opinion  of  the  Tertiary  age  of  these  fossils  was,  according  to  his 
letter,  in  perfect  concordance  with  his  views,  and  with  the  evi- 
dence furnished   to  him  by  his   geological  or  stratigraphical 

*  In  the  north  of  France,  Eocene  beds  are  OTerlaid  or  mixed  with  strata  bearing 
remains  of  Cretaceous  animals  which  all  disappear  to  the  soutiL  On  this  Saporti 
remarks  that  the  Cretaceous  fauna  has  persisted  for  a  longer  time  toward  the 
north.  The  same  observation,  predselj,  oould  be  repeated  on  oomparing  tbe 
Lignitic  of  CJolorado  with  that  of  Wjominig. 
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observations  and  by  the  fossil  mollusks.  From  a  recent  re-ex- 
amination of  these  leaves,  I  find  no  trace  among  them  of  any 
species  which  could  be  compared  and  referred  to  Oretaceoos 
plants  known  till  now.  They  bear  the  characters  of  the  Eocene 
flora,  while  those  of  Bellingham  Bay,  which  I  considered  at 
first  as  of  the  same  age,  appear  referaole  to  the  Lower  Miocene 
or  to  an  upper  stage  of  the  Eocene  by  the  predominance  of  ser- 
rate leaves :  Phnera^  a  lai^e  species  of  iSaltx,  Quercus  Qavdvni^ 
recognized  in  the  Upper  Miocene  of  Italy,  Diospyros  lancifolia^ 
abundant  at  Evanston,  etc  The  presence  of  Cretaceous  animal 
fossil  remains,  above  the  coal  of  Vancouver,  could  merely  indi- 
cate the  same  disagreement  between  the  vegetable  and  animal 
remains  as  at  Black  Butta 

From  the  descriptions  of  the  species  of  so-called  Miocene 
plants  published  in  Dr.  Newberry's  notes  on  Ancient  Floras, 
etc.,  it  is  evident  that  the  specimens  furnished  to  him  for  exam- 
ination have  been  mixed,  or  have  come  from  different  localities, 
and  represent  different  horizons.  He  has,  as  Upper  Miocene,  a 
preponderance  of  Coniferous  remains,  especially  Taasodium 
disiichumj  Thut/a,  OlypiostrobtiSj  and  Sequoia^  which  aU  abound 
in  the  shale  specimens  sent  this  year  by  Pro&.  Hayden  and 
Cope  fix>m  South  and  Middle  Parks,  as  thej  have  been  sent  be- 
fore from  Elko  Station  and  Green  River  with  Planera.  He  has 
Poptdus  ArcticOj  species  of  Alntt^  and  Oorylua^  in  common  with 
the  Middle  Miocene  of  Carbon.  With  Evanston  he  has  the 
fine  Carya  Antiqxwrum^  which  abounds  there,  Juglans  rugosa^ 
Plaianus  nobUis^  etc  ;*  and  with  the  Lower  American  Eocene  he 
has  Platanua  HaydenU^  P.  Raynoldsitj  Oomua  acuminata^  which 
I  consider  as  identical  with  Juglans  rhamnotdes,  and,  too,  the 
same  laree  proportion  of  SabcU  leaves.  In  the  collections 
brought  from  long  explorations  extended  over  wide  areas,  the 
mixing  of  the  specimens  is  unavoidable,  and  personal  explora- 
tions only  give  rail  evidence  in  regard  to  the  information  fur- 
nished by  paleontological  data.  In  my  first  examination  of 
Prol  Hayden's  specimens,  which  too  were  somewhat  mixed,  I 
made  a  mistake  of  the  same  kind,  accounting  for  difference  of 
types  in  local  floras  by  a  difference  of  temperature,  while  it 
merely  indicated  different  horizons.  My  explorations  of  the  past 
two  years  have  therefore  forced  me  to  modify  some  of  my  views 
on  the  distribution  of  our  Western  Tertiary  fiora,  and  to  fix,  for 
the  present  at  least,  the  groups  in  the  following  order,  as  pub- 
lished in  Prof  Hayden*s  report  of  this  year. 

1.  The  Lower  tignitic:  that  of  Black  Butte,  the  whole  Col- 
orado basin  as  far  south  into  New  Mexico  as  the  Placifere 
anthracite  coal  has  its  flora.  Eocene:  Lower  Eocene  for  America. 

^  These  fossil  plants  of  Dr.  Newberry  are  known  to  me  by  the  examination  of 
the  specimens  from  which  ^e  species  are  described,  and  wbioh  I  ha^e  oompared 
in  the  museum  of  the  Smithsonian  Institution. 
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2.  The  Evanston  coal  is,  by  its  types,  half  Eocene,  half  Mio- 
cene, referred  as  yet  to  the  Upper  Eocene. 

3.  The  flora  of  Carbon  is  positively  Middle  Miocene. 

4.  That  of  Green  River,  Elko  Stiation  and  the  Parks  is  of 
Upper  Miocene  type. 

Having  thus  fairly  considered  and  answered  all  the  critical 
observations  of  Dr.  Newberry,  I  will  end  the  discussion  by 
passing  over  to  his  ground  and  proposing  a  single  question 
which  I  should  like  him  to  answer. 

He  positively  regards  the  New  Mexico  Lignitic  as  Cretaceous. 
From  his  admission,  the  Colorado  Lignitic  is  of  the  same 
formation ;  for,  though  he  says  that  he  has  not  seen  it,  he  is 
positive  that  a  number  of  geologists  have  found  there  Cretace- 
ous animal  fossils.  As  the  Wyoming  Black  Butte  coal  has  the 
Deinosaurtis  imbedded  in  its  roof  shale,  this  bed,  like  the  under- 
lying Lignitic,  is  also  Cretaceous.  It  is  therefore  a  single  undi- 
vidable  formation.  Now,  we  find  at  Black  Butte,  together  with 
a  great  abundance  of  Sabal  leaves,  a  number  of  the  species  de- 
scribed by  Dr.  Newberry  in  his  Ancient  Floras ;  Corntis  acumi- 
nata* is  especially  abundant  there.  With  this  we  have  too  the 
fucoidal  remains  and,  more  numerous  than  any  other  species,  the 
Halymenites,  At  Golden,  we  have  a  still  larger  preponderance 
of  Sabal  and  of  Fucoids  too,  and  preponderance  of  Platanus 
Haydenii^  P,  Raynoldsii,  thes^me  CormAS  acuminata^  H/tamnus 
elegans,  etc.,  etc.  All  these  species,  according  to  Dr.  Newberry, 
are  positively  Miocene.  This  comparison  could  be  pursued  in 
the  same  way  at  the  Eaton  Mountains,  with  the  same  result : 
Plants,  Fucoids,  and  Cretaceous  mollusks  (which  of  course 
prove  to  Dr.  Newberry  that  the  formation  is  Cretaceous),  and  at 
the  same  time,  in  the  same  strata,  those  leaves  identical  with 
the  species  described  by  the  same  author  from  the  Upper  Mis- 
souri, and  which  to  his  knowledge  represent  the  Miocene, 
Which  then  will  he  prefer?  If  these  strata  are  Cretaceous,  his 
plants  of  the  Upper  Missouri  are  Cretaceous  plants,  a  sup- 
position which  he  can  not  admit  If  he  insist  that  they  are 
Miocene  plants,  our  Lignitic  formation  is  Miocene  as  a  whole, 
and  here  he  will  meet  all  the  geologists  and  paleontologists 
whom  he  has  quoted  as  authority,  and  his  own  assertions  too, 
far  more  antagonistic  to  his  Miocene  than  they  are  to  the  Eocene 
of  mine. 

It  will  not  do  to  say  that  a  Cretaceous  Lignitic  flora  may 
have  some  Miocene  species  and  be  Cretaceous  all  the  same, 
especially  when  no  Cretaceous  species  is  recognized  in  it 
After  all  the  points  of  comparison  and  the  facts  mentioned  in 
these  remarks,  after  the  assertion  of  Dr.  Newberry  that  the 
palm  leaves  are  evidently  Miocene  and  the  Halvnenites  as  evi* 

*  A  species  lar  different  from  Oomus  acwninaia  Web. 
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dently  Cretaceous,  the  occurrence  of  these  two  kinds  of  vege- 
tables in  contiguous  strata  (the  Fucoidal  remains  being  even 
found  higher  than  the  Palm  leaves),  thwarts  any  attempt  to  a 
conciliation  of  this  kind.  It  will  not  do  either  to  say  that  the 
Lignitic  represents  at  one  place  the  Cretaceous,  at  the  other 
the  Miocene ;  for,  even  considering  the  assertion  of  Dr.  New- 
berry contrary  to  mine,  that  vegetable  paleontology  has  noth- 
ing to  say  in  this  matter,  animal  paleontology  has  sufficiently 
proved  the  continuity,  the  uniformity  and  homogeneousness  of 
the  formation. 

These  remarks  have  to  be  limited  to  what  is  directly  related 
to  the  age  of  the  Western  Lignitic  flora,  and  even  in  a  paper 
like  this  I  have  to  present  them  in  a  condensed  form  and  with- 
out the  details  which  might  have  given  some  more  light  to  the 
subject  Those  who  are  interested  in  this  matter  will  find  it 
discussed  at  length  in  Dr.  F.  V.  Hayden's  Report  of  the 
explorations  of  1878.  I  will  omit  also  to  consider  the  specu- 
lations on  the  wanderings  of  the  ^Floras  in  Europe  during 
the  geological  divisions  of  Cenozoic  tima  We  have  enough  to 
do  and  more  pressing  work  in  the  study  of  our  own  materials. 
As  the  European  paleontologists  know  very  little  as  yet  of 
their  Eocene  flora&  and  notning  whatever  of  their  Pliocene, 
all  those  theories  on  the  "march  and  countermarch"  of  the 
floras  according  to  the  upheaval  of  chains  of  mountains  are 
merely  imaginary. 

Ck>liimbiia,  Ohio,  April  14tih,  1874. 


Art.  LIL — On  Helderberg  Socks  in  New  Hampshire ;  by 

C.  H.  Hitchcock. 

[Oonduded  from  page  4*76.] 

Littleton  area  of  Helderberg. 

I  have  a  number  of  sections  crossing  this  area.*  The  first  is 
one  at  the.northeast  extremity,  extending  from  Palmer  to  Burn- 
ham's  Hill,  nearly  one  and  three-fourths  mile.  Palmer  Hill  is 
composed  of  Lyman  schist,  dipping  78°,  N.  28°  W.  This  and 
the  following  are  compass  courses.  In  passing  to  the  depres- 
sion (which  IS  in  reality  a  watershed  for  the  streams  flowing 
northerly  and  southerly),  the  strata  first  stand  perpendicular ; 
they  then  dip  northwesterly ;  and  finally  several  measurements 
in  a  distance  of  thirty  rods  gave  S.  84°  E.,  80°,  S.  10^  E.,  and 
86°,  S.  35°  E.  The  rock  here  (Closson's)  is  an  indurated 
slate,  chiefly  siliceous.    Next  we  pass  up  a  hill,  over  the  Lisbon 

*  The  counes  of  all  the  sections  are  indicated  upon  the  mi^,  page  4*71. 
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schist  perhaps,  dipping  80^,  S.  16^  K  On  top  of  the  hill  there 
is  a  siliceous  rock,  which  from  different  observers  has  received 
the  names  of  sandstone  and  buhrstone;  it  dips  sometimes  north- 
west, but  perhaps  oftener  to  the  southeast  On  the  north  slope 
of  the  hill,  the  sandstone  varies  in  position  from  about  80^,  a. 
8°  E.  to  S.  &"  W.  This  rock  can  be  followed  a  mile  north- 
easterly across  the  road  going  eastward  to  Mann's  Hill,  and  then 
is  supposed  to  turn  and  follow  up  the  hill  to  the  southeasi  of 
Bumnam's  house,  and  to  continue  southwest  to  Parker  Biver. 
It  has  its  maximum  development  on  the  east  side  of  the  basin, 
constituting  what  would  be  called  a  mountain  range  in  many 
parts  of  the  country.  It  probably  connects  with  the  buhrskHie 
of  fig.  8. 

Overlying  the  sandstone,  as  I  suppose,  is  the  foasiliferons 
limestona  It  has  been  excavated  at  several  places  quite  ex- 
tensively, and  burnt  in  a  contiguous  kiln.  It  is  usually  of  a 
light  drab  color,  somewhat  brecciated,  and  the  fossils  are  not 
conspicuous,  but  upon  search  they  prove  to  be  considerably 
abundant ;  the  thickness  varies  from  ten  to  fifty  feet  On  the 
north  side,  the  limestone  forms  a  precipice  of  twenty  feet,  in 
consequence  of  excavations.  In  contact  with  it  on  the  section 
line  is  a  slate  dipping  S.  20^  K  I  find  it  also  stated  in  mjr  note- 
book that  there  is  there  a  chloritic  rock  and  a  rough  mixture 
of  quartz  and  feldspar,  and  also,  the  &ct  of  a  change  of  a 
Quadrant  in  the  strike,  in  a  few  rods  distance.  The  overlying 
slate  is  seen  to  best  advantage  in  descending  the  hill  toward 
Littleton.  It  is  rather  dark,  soft,  splits  readily  and  contains 
fucoids  and  markings  like  Chondrites^  and  dip  ssoutheast  The 
top  of  this  hill  is  an  excellent  place  to  observe  contorted  strata, 
and  on  account  of  their  variation  in  position  it  is  difficult  to 
be  satisfied  with  any  interpretation  of  them.  Professor  Dana 
visited  this  locality,  as  well  as  the  region  along  Parker  Brook, 
in  1871. 

I  do  not  suppose  that  all  the  facts  are  indicated  by  so  even  a 
synclinal  as  appears  in  the  figure.  There  may  be  hummocks  of 
underlying  rocks  to  disturb  the  continuity,  and  the  strata  are 
certainly  contorted.  The  limestone  was  not  observed  to  the 
east  of  Mr.  Burnham's  house,  but,  as  the  sandstone  beyond  has 
a  small  reverse  dip,  we  may  presume  that  the  limestone  changes 
with  it  Still  farther  to  the  southeast  gneiss  occurs.  The  country 
is  wooded  and  slopes  rapidly,  and  would  not  be  likely  to  afforu 
good  ledge  exposures. 

A  mile  to  the  southwest  a  more  satisfactory  section  is  ob- 
tained, so  far  as  the  position  of  the  strata  is  concerned,  but  the 
limestone  has  not  been  observed.  The  west  end  lies  in  a 
valley,  one  of  the  tributaries  of  Parker  Brook,  and  the  rock  is 
chiefly  the  chloritic  rock  of  the  Lisbon  group,  dipping  a  few 
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legrees,  S.  10**  to  20®  E.  The  ground  is  cleared  and  the  ledges 
ommon.  The  junction  between  this  rock  and  the  slates  can  be 
een  to  the  best  advantage  near  A.  Mill's  housa  At  the  house 
he  slates  dip  85°,  N.  10®  W.,  and  a  short  distance  southeast  70®, 
L  20®  K,  showing  a  small  anticlinal  where  the  rock  was  crowded 
lard.  The  schists,  including  calcareous  limestone,  a  drusy  rock, 
nd  diabase,  dip  85®  N.  70^  W.  At  A.  P.  Hubbard's,  exactly 
ipon  the  section  line,  the  dip  is  86®,  S.  20°  E.  The  soft  clay 
late  is  thin-bedded,  jointed  but  not  contorted.  The  same  posi- 
Lon  continues  two-thirds  of  the  way  to  J.  Shute's  housa  The 
su9t  third  of  the  way,  the  slate  resumes  the  dip  of  N.  20®  W., 
nd  disturbances  are  common.  The  cleavage  planes  can  also 
^  distinguished  from  the  strata  in  a  few  ledges.  The  quartzite 
I  a  rough-looking  rock,  somewhat  like  buhrstone,  dipping 
ven  as  low  as  85®,  N.  20®  W.  The  band  of  chlorite  schist  is 
mown  by  a  specimen,  and  is  supposed  to  correspond  to  a  simi- 
u*  rock  in  the  next  section,  holding  the  same  position.  Last 
f  all  is  the  gneiss,  dipping  at  a  moderate  angle  in  the  same 
irection,  and  probably  underlying  unconformably  the  whole 
eries  described.  This  section  is  4!20  rods  long.  The  slate  is 
Btimated  to  be  1490  feet  in  thicknesa 

The  slate  is  continuous  from  figs.  2  to  8,  gradually  narrowing, 
nd  disappearing  before  reaching  the  section  in  figure  4 ;  that 
rhich  appears  on  the  latter  occupies  a  slightly  different  line. 
^g.  8  crosses  the  best  locality  of  buhrstone,  from  E.  P.  Miner's, 
pon  a  tributary  of  Parker  Brook,  and  one-eighth  of  a  mile 
orth  of  the  Littleton  cemetery.  It  is  160  rods  long.  The  wes- 
3m  edge  of  the  gneiss  appears  at  Miner'^  The  chloritic  layer 
\  concealed  by  drift  The  buhrstone  crops  out  on  the  hill 
ide ;  it  is  quartz,  massive  and  brecciated,  sometimes  jaspery, 
paline,  with  a  multitude  of  seams  covered  bv  quartz  crystals. 
ibout  forty  feet  in  thickness  of  it  are  exposed.  Following  up 
[le  hill,  we  find  next  the  slates,  the  limestone  being  concealed 
y  drift  It  appears  in  place  only  a  few  rods  to  the  south  of  the 
3Ction.  The  slate  is  bent  everywhere,  and  shows  a  tendency 
>  contain  drusy  quartz.  Two  measured  dips  are  70°  N.  60® 
7".  and  85®  K  70®  W.  Other  strikes  are  more  easteriv.  The 
action,  if  continued,  would  pass  down  a  precipitous  hill  and 
sross  Parker  Brook  into  a  swampy  forest. 
This  is  the  most  important  of  the  sections,  partly  because 
is  near  the  travelled  road  to  the  Connecticut  B^iver  west 
om  Littleton  village.  It  is  one  mile  and  three-eighths  long. 
he  gneiss  is  the  Oak  Hill  deposit,  and  is  in  place  one-eighth 
r  a  mile  north  of  the  section,  with  a  dip  of  85'*-40®,  K  20°  W. 
he  chloritic  rock  appears  next  It  is  close  by  the  road,  oppo- 
te  the  last  house  before  reaching  Parker  Brook,  and  can  be 
aced  along  the  ridge  extending  northeast  for  one-fourtlv  oC  ^ 
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mile.     The  dip  is  60®,  N.  50®  W.,  with  a  gomewhat  higher  dip 
down  the  slopa 

The  fossiliferous  limestone  follows  immediately.  The  first 
layer  seems  to  conform  with  the  wall  rock.  At  the  kiln,  which 
is  not  fifty  feet  from  the  base,  it  dips  60®,  K  6®  S.,  and  also 
westerly.  Hence  there  is  a  small  anticlinal  axis.  Directly  at 
the  kiln  no  fossils  were  obtained;  they  come  from  a  dark 
layer  with  a  westerly  dip  nearer  the  brook.  The  Zaphrentis 
and  the  Favosites  with  small  crinoidal  fragments  are  foand  here. 
Geologists  have  searched  for  fossils  at  the  kiln,  and  finding 
none  have  concluded  that  our  story  about  them  is  a  myth  ;  but 
they  should  look  in  the  right  place.  Br.  C.  T.  Jackson  visited 
this  kiln  in  1841.  He  says :  ^*  The  bed  is  included  in  mica 
slate,  embraced  on  both  sides  by  granite,  which  crowded  the 
limestone  in  such  a  manner  as  to  produce  contortions  of  the 
strata.  The  course  of  the  limestone,  as  indicated  by  strata 
marks,  is  N.  20®  E.,  S.  20®  W.,  and  its  dip  is  to  the  northwest*' 
He  figures  the  bed  as  enclosed  between  two  masses  of  granite, 
but  does  not  exhibit  any  contortions  in  the  strata.* 

The  alluvium  of  Parker  Brook  intervenes  and  conceals  the 
rock  for  an  eighth  of  a  mile  perhaps.  On  the  southwest  side 
there  are  several  outcrops  of  limestone — some  of  them  contain- 
ing coral  masses.  A  slaty  mass  with  no  cleavage  is  mixed 
with  it  The  limestone  near  the  first  house  on  the  west  side  of 
Parker  Brook  is  bluish,  and  was  at  first  supposed  to  belong  to 
the  Lisbon  series — as  it  is  not  fossiliferous.  It  has  been  exca- 
vated for  a  kiln  in  years  gone  by.  Recent  researches  indicate 
that  the  whole  of  thjs  hillside,  perhaps  into  Lisbon,  is  all 
of  Helderberg  age.  The  strata  have  somewhat  of  a  zigzag 
arrangement,  which  need  not  be  described  in  detail. 

Directly  beyond  the  brick  kiln  we  find  the  chloritic  rock  Id 
its  perfection,  dipping  in  the  same  direction  with  that  already 
noted,  but  at  a  steeper  angle,  and  the  range  is  only  thirty  rods 
wide.  At  a  turn  in  the  road  slate  of  less  width,  seemingly  ver- 
tical, appears,  and  we  discover  imbedded  in  it  two  feet  in  thick- 
ness of  compact  crinoidal  limestona  This  identifies  the  slate 
with  the  deposit  upon  Fitch  Hill,  a  quarter  of  a  mile  to  the 
southwest,  where  the  Pentamerits  is  found.  The  mingled  slate 
and  limestone  extend  up  the  hill  and  then  across  the  ridge. 

The  chloritic  rock  re-appears  on  the  section  at  a  fork  in  the 
road,  and  continues  uninterruptedly  for  three-eighths  of  a  mile, 
dipping  75®-80®  northwesterly.  This  would  give  a  thickness 
of  about  1,900  feet  of  strata.  This  is  undoubtedly  continuous 
to  the  west  end  of  fig.  2  in  one  direction,  and  to  the  slate  quarry 
in  the  other,  a  distance  of  about  three  miles. 

The  Fitch  Hill  locality  was  discovered  Sept  22,  1873.  Mr. 
J.  H.  Huntington  and  A.  S.  Bachellor  of  Littleton  and  myself 
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composed  the  exploring  party,  and  Mr.  Huntington  first  de- 
bected  the  presence  of  the  Pentamerus,  Our  attention  was 
Mdled  to  the  spot  by  Mr.  A.  R  Burton  of  the  village,  who  had 
seen  limestone  thera  It  is  about  fifty  rods  southerly  from  E. 
Fitch's  house,  in  an  open  pasture  near  the  forest,  and  above  an 
orchard.  The  first  rock  seen  above  Mr.  Fitch's  is  the  dia- 
base,* running  N.  65°-70°  E.,  and  containing  a  layer  of  white 
quartz.  In  the  pasture  the  strike  changes  to  nearly  east  and 
west,  and  this  fact  is  made  certain  by  the  position  there  of  the 
white  quartz,  which  curves  with  the  diaoase,  but  may  be  a 
little  nearer  the  Helderberg  after  the  bend  is  passed  than  before. 
This  is  confirmed  by  examining  the  rocks  east  of  the  Helder- 
berg range.  On  fig.  4  below,  there  are  thirty  rods  of  chloritic 
rock  east  of  the  slate  range,  but  on  Fitch  Hill,  in  consequence  of 
the  transverse  course  of  the  slate,  it  lies  on  the  southeast  of  the 
diabase  altogether,  as  shown  in  fig.  5.  To  the  southwest  there 
is  another  outcrop  of  this  range  of  diabase,  because  the  Helder- 
berg is  cut  ofi^  by  it,  but  the  fossiliferous  seam  again  covers  it 
when  the  low  ground  is  reached,  and  the  hard  rock  is  seen  no 
more. 

Furthermore,  the  contact  between  the  Helderberg  and  diabase 
on  Fitch  Hill  is  not  a  direct  succession  or  interstratification, 
since  there  has  been  a  sliding  of  one  rock  over  the  other.  The 
removal  of  the  turf  revealed  a  slickensides  between  the  two. 
As  expressed  by  Pres.  W.  B.  Rogers,  who  examined  the 
locality  with  us  a  few  days  later,  it  *'  looks  as  if  the  limestone 
had  backed  up  on  to  the  green  rock  "  These  facts  are  men- 
tioned to  show  our  reasons  for  believing  that  the  Helderberg 
rocks  on  Fitch  Hill  and  the  neighborhood  overlie  the  Lisbon 
group  unconformably. 

The  order  of  the  rocks  from  Fitch's  house  to  the  very  sum- 
mit of  the  hill  is  well  shown  in  fig.  6.  What  I  have  called  the 
top  of  the  hill  thus  far  signifies  the  highest  part  of  the  cleared 
land.  This  section  reaches  the  very  summit,  which  is  wooded. 
Above  the  Lisbon  series,  or  the  diabase,  come  about  fifty  feet 
of  Lower  Helderberg  limestone,  holding  the  Pentamerus  and  a 
G^steropod,  with  the  others  mentioned  by  Mr.  Billings.  This 
is  followed  bv  forty  or  fifty  feet  of  coralline  slate ;  thirty  or 
forty  feet  of  uiable  conglomerate,  white  when  weathered,  like 
the  Oriskany  sandstone  of  New  York,  the  quartz  pebbles  being 
of  the  size  of  kernels  of  Indian  com.  Next  is  a  bluish,  some- 
what siliceous  limestone  of  two  sorts.  Then  follows  considera- 
ble tou^h,  massive  hornblende  rock,  with  no  signs  of  stratifica- 
tion ana  a  strange  associate  of  the  Pentamerus  limestona  On 
the  very  apex  of  the  hill  is  a  sandstone  weathering  white,  but 

*  Prof.  Hitchcock  sajs  elsewhere  that  his  "  diabase "  is  not  known  to  contain 
lahradorite,  and  may  be  some  other  rock ;  it  is  metamorphio. — i.  li.  i^. 
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ray  in  the  interior.     It  dijw  apparently  50**  east  of  nortL 

he  section  is  about  half  a  mile  long. 

Following  the  limestone  southwest,  perhaps  a  fourth  of  a 
mile,  we  find  the  purest  carbonate  of  lime  yet  seen.  This  is 
interrupted  by  chloritic  rock,  to  be  succeedeci  by  fossiliferous 
slate  and  limestone,  which  passes  west  of  the  slate  quarry  and 
lower  down  the  hill  if  its  strike  does  not  alter.  Commencing 
near  the  fork  in  the  road  turning  to  the  slate  quarry,  there 
is  first  the  diabase  on  fig.  6,  with  its  usual  position ;  second, 
the  Helderberg  rocks  just  mentioned.  The  slates  predominate 
and  decompose  readily  and  unequally.  High  up  the  hill  is 
the  gray  sandstone  decomposing  white,  continued  from  section 
6.  The  hornblende  rock  on  the  crest  of  the  hiU  is  one  massive 
stratum,  with  no  indication  of  divisional  planes.  The  slates 
were  at  first  thought  to  be  the  continuation  of  the  quarry  ledge 
on  fig.  7.  Both  have  the  pyrites  in  abundance  and  the  same 
general  aspect  But  by  comparing  the  several  figures  together,  it 
seems  as  ii  the  sandstone  would  correspond  with  the  conglom- 
erate back  of  the  quarry,  and  the  homolende  rocks  agree  with 
the  green  schist  That  would  make  the  slates  just  mentioned 
correspond  with  each  other,  as  well  as  the  haraer  dark  slates 
in  which  a  synclinal  appears. 

The  latter  slate  is  a  hard,  black,  even-bedded  rock,  which 
also  shows  itself  continuously  nearly  to  Parker  Brook.  The 
east  part  of  the  synclinal  is  wanting  in  fie.  6,  its  supposed 
place  being  covered  by  the  alluvium  of  the  Ammonoosua 
The  strike  varies  to  northwest  near  Mr.  L.  A.  Parker's  house, 
at  the  east  end  of  the  section,  and  the  rock  makes  a  part  of  the 
zigzag  arrangement  before  alluded  to. 

The  next  section  passes  from  the  slate  quarry  to  the  Ammo- 
noosuc  River  near  the  south  line  of  Littleton,  one  mile  and 
seven-eighths  long,  and  seven-eighths  of  a  mile  southwest  fix)m 
fig.  6.  The  same  hill  is  traversed  as  before,  but  the  upper  slates 
are  better  displayed.  They  are  covered  by  two  grades  of  argil- 
laceous sandstones,  the  lower  portion  being  more  argillaceous 
and  of  a  darker  color,  the  upper  grayish  and  of  a  different  tex- 
ture from  the  sandstones  on  figs.  5  and  6.  The  hill  was  crossed 
transversely  as  far  as  indicated ;  the  eastern  slope  remains 
unexplored.  The  strike  varies  K  75°  E.  to  K  80°  E.  There 
seems  to  be  an  outcrop  of  the  Lisbon  group  dipping  toward 
Blueberry  Hill  in  the  valley  east 

The  slate  quarry  is  a  location  known  to  residents  on  account 
of  extensive  excavations  once  made  thera  The  slate  is  of  ex- 
cellent quality,  and,  were  it  not  for  a  profusion  of  cubical 
crystals  of  pyrites,  would  be  worth  quarrying.  It  dips  about 
80°  southeasterly.  Above  it  on  the  hill  is  an  interestmg  con- 
glomerate, with  pebbles  averaging  the  size  of  a  hen's  ^g.     The 
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paste  is  the  slate  of  the  quarry.  One  pebble  is  a  foot  long. 
Siliceous  fragments  of  a  dark  color  predominate,  which  seem 
to  have  been  derived  from  the  Lisbon  group,  as  have  been  a 
few  greenish  chloritic  bita  Others,  and  possibly  the  greater 
portion,  show  resemblances  to  the  compact  feldspars  of  the 
Labrador  group.  There  are  small  bits  of  black  slate  like  that 
occurring  near  the  east  end  of  fig.  6. 

The  next  section  in  fig.  8  is  three  and  three-eighths  miles 
long,  and  passes  over  more  strata.  It  commences  high  up  the 
early  course  of  Mulliken's  Brook,  crosses  Blueberry  Hill,  and 
terminates  a  short  distance  north  of  North  Lisbon,  reaching  the 
gneiss.  At  the  beginning  is  the  Lyman  instead  of  the  Lisbon 
group,  though  the  latter  would  appear  if  the  section  had  been 
elongated  half  a  mile.  Near  G.  D.  Shute's  house  and  **  Indian 
Bock,"  these  schists  dip  85^,  N.  20"^  W.  The  east  border  of 
this  group  dips  80^,  N.  80®  W.  It  weathers  whitish,  presenting 
a  chalky  aspect  at  a  little  distance.  Along  the  carriage  road 
succeeding  is  an  extensive  range  of  Helderberg  slates  and  lime- 
stones containing  Favosiies,  The  strata  stand  perpendicular, 
running  northeast.  On  a  tributary  stream,  near  C.  Hastings's 
house,  is  a  fine  exposure  of  grit,  slates  and  calcareous  beds, 
greatly  resembling  fossiliferous  strata  in  Maine  and  New  York, 
out  they  yielded  no  relics  of  life  in  a  half -hour's  search.  This 
series  of  strata  forms  a  steep  cliflF  seventy  or  eighty  feet  high, 
which  can  be  followed  a  mile  and  a  half  to  the  slate  quarry. 
The  country  at  the  base  of  the  clifiF  is  everywhere  a  swampy 
forest  not  intersected  by  roads,  so  that  its  exploration  is  not 
inviting. 

Passing  up  the  hill,  there  are  so  many  boulders  of  con- 
glomerate that  we  must  believe  this  to  be  the  rock  in  placa 
Its  character  does  not  vary  from  that  seen  on  section  7.  This 
view  will  make  the  fossiliferous  slates  correspond  with  the 
slates  at  the  quarry.  Near  the  top  of  Blueberry  Hill  are  slates 
with  the  course  N.  65°  E.,  and  irregularities  which  may  be  ex- 
plained by  supposing  cleavage  planes  to  be  present  naving  a 
different  strike  from  the  strata.  On  the  crest  of  the  hill  the 
slates  dip  70°,  N.  25®  W  This  continues  about  half  a  mile  on 
the  line  of  section,  or  as  far  as  I  was  able  to  travel  upon  it 
There  is  room  enough  for  the  double  thickness  of  slate  seen  in 

fig.  7. 

The  eastern  slope  has  not  been  examined  throughout 
About  half  way  down  I  have  twice  examined  ledges  apparently 
of  the  Lisbon  group  dipping  toward  the  hill.  Mr.  Huntington 
travelled  over  the  remainder  of  the  section,  and  his  specimens 
seem  to  indicate,  first,  the  mica  schists  of  the  Coos  group,  (6) 
followed  by  considerable  hornblende  rock,  (7)  and  lastly  oy  a 
conglomerate  (8)  with  whitish  cement  and  pebbles  of  the  size  of 
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buck-shot  This  rock  stands  od  edge  on  the  top  of  the  hill 
next  the  Ammonoosuc  River,  and,  with  the  mica  and  horn- 
blende schists,  is  perhap  our  Swift  Water  series.  The  horn- 
blende may  connect  with  a  large  mass  of  the  same  rock  a  mile 
southwest,  it  being  in  contact  with  Helderberg  there.  The 
hornblende  may  correspond  with  the  same  rock  on  fi^  6  and 
6.  The  mica  schists  evidently  belong  to  the  Eustis  Hill  series, 
to  the  south  of  Littleton  village,  possibly  disconnected  fix)in 
that  outlier  by  erosion. 

The  gneiss  at  the  southeast  end  is  part  of  the  area  known  as 
"  Bethlenem  gneiss,"  or  rather  the  common  variety  upon  its 
border.  The  mica  is  black,  and  the  feldspar  offcen  scanty. 
The  position  differs  from  that  of  the  other  rocka  Its  normal 
position  is  about  40^  dip  toward  the  north,  both  the  inclination 
and  course  varying  from  those  of  the  other  strata  that  have 
been  cited. 

This  section,  if  protracted,  would  cross  another  interesting 
Helderberg  area ;  but  for  the  sake  of  deamess,  I  will  add  a 
small  section  (fig.  9)  with  greater  horizontal  scale,  situated  aboat 
a  quarter  of  a  mile  to  the  southwest,  crossing  the  Ammonoosuc 
nearly  at  North  Lisbon  railroad  station  andpassing  up  its 
"  south  branch."  The  gneiss  dip  86*^,  N.  85^  W.  at  the  "  Lead 
mina"  Next  is  a  coarse  conglomerate,  seen  in  the  field  and 
under  the  bridge,  dipping  65-70,  N.  10**  W.     As  there  is  a 

feneral  resemblance  between  this  and  the  conglomerate  of  the 
lisbon  group,  it  was  not  till  the  recent  discovery  of  extensive 
Helderberg  strata  that  these  ledges  at  North  Lisbon  appeared 
to  belong  to  the  Paleozoic  seriea  The  materials  of  the  pebbles 
are  white  and  blue  quartz,  hydro-mica  schist  or  Lisbon  group, 
two  or  three  gneisses,  Cods  slates  and  calcareous  masses,  with 
an  argillo-micaceous  paste.  Some  pebbles  are  a  foot  long. 
They  are  usually  slaty  but  not  distorted. 

Crossing  the  river  and  walking  over  twenty  rods  of  gravel, 
we  came  next  to  a  more  interesting  locality  in  the  south  branch 
valley.  The  first  ledge,  back  of  the  last  house  on  the  road,  is 
micaceous  slate  with  calcareous  layers,  cut  by  an  obscure 
igneous  dike.  The  strata  dip  45°,  N.  20^  W.  Beneath  are 
fifty  feet  of  coarse  conglomerate,  containing,  in  addition  to  the 
pebbles  under  the  bridge,  pieces  of  the  mica  schist  of  the  Cods 
group,  without  staurolite.  The  slates  next  observed  have  a 
higher  dip.  They  are  followed  by  indurated  slates  dipping 
50°,  N.  10°  W.  They  are  traversed  by  beautiful  ribbons  of 
banded  trap  from  half  an  inch  to  three  inches  in  width,  which 
jump  and  curve  in  a  fanciful  way. 

The  next  series  evidently  belong  to  the  Lisbon  group,  hav- 
ing essentially  the  same  strike  and  dip  with  the  last  mentioned 
beds.      They  extend  for  about  twenty-five  rods  along  the 
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ream.  The  rock  is  a  gritty  hvdro-mica  schist,  so  far  as  seen, 
robably  this  is  the  place  for  a  hornblende  aggregate  or  chlor- 
ic rock,  which  is  seen  on  the  west  side  of  Streeter  Pond  in 
tUj  and  in  enormous  bowlders  between  North  Lisbon  and  the 
)nd.  These  hard  rocks  terminate  just  as  the  stream  bends 
id  passes  through  a  narrow  rocky  gorge  of  clay  slates  con- 
ining  staurolite  and  garnet,  dipping  60**  N.  17°  W.  The 
me  dip  is  manifest  higher  up.  The  ledges  extend  for  25  or 
)  rods,  after  which  the  rocks  are  covered  with  earth  for  a 
•eat  distance.    The  banks  are  made  up  of  bowlder  clay,  which 

undermined  by  high  freshets,  and  the  road  has  been  torn 
vay  so  many  times  that  the  town  authorities  have  been  com- 
jlled  to  discontinue  the  carriage  road,  thus  necessitating 
^destrian  explorations  in  this  interesting  spot  *  A  slate  similfii 
•  that  just  aescribed  croi)s  out  on  the  new  road  from  the  sta- 
on  to  Streeter  Pond,  about  a  mile  northeasterly.     The  course 

nearly  east  and  west,  and  the  strata  are  more  nearly  vertical, 
at  the  ledges  must  be  continuous  between  these  pointa  It  is 
lown  also  by  the  presence  of  enormous  blocks  of  diabase, 
hose  source  must  be  to  the  north  of  the  slates  and  not  far  dis- 
.nt.  The  map  shows  the  distribution  of  all  the  parts  of  this 
jction.  The  width  of  the  Helderberg  conglomerates  is  about 
>rty  rods,  which  implies  a  thickness  of  at  least  600  feet  The 
ay  slates  correspond  perfectly  to  portions  of  the  Coos  group 
I  the  L3n3ie  and  Lisbon  sections,  as  well  as  to  the  interesting 
aurolite  slate  seen  at  Purple's  quarry  in  Bemardston,  Mass., 
3acribed  by  Professor  Dana. 

North  Lisbon  Bdderberg, 

The  rocks  of  the  North  Lisbon  terrane  have  been  described 
I  part,  but  not  the  most  characteristic  ones.  About  100  rods 
3I0W  D.  Eichardson's,  on  the  east  bank  of  the  river,  are  white 
mestones  containing  fragments  of  the  large  crinoids.  The 
mestone  occurs  on  both  sides  of  the  river.  These  localities 
re  southwest  from  fig.  9,  and  the  limestone  may  prove  to  be 
ae  or  two  hundred  leet  thick.  Mr  Huntington  first  found 
lese  large  crinoids,  and  we  traversed  the  region  together  the 
at,  day  of  our  stay  in  this  region.  Contiguous  to  the  lime- 
one  is  a  dark  slate,  softer  than  that  on  Blueberry  Hill,  which 
lUst  belong  to  the  series.  The  same  may  be  true  of  thick 
lasses  of  nomblende  rock  bordering  the  Helderberg  on  the 
3rthwest  flank. 

Other  Hdderherg  Localities, 

There  is  no  time  to  describe  other  localities  of  the  Helderberg 
ith  detail.  I  have  long  been  satisfied  that  Dalton  Mountiiin 
slongs  to  this  series,  and  we  have  strong  suspicions  that  some 
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of  it  will  appear  in  Lancaster.  A  specimen  obtained  from  one 
of  the  mountains  back  of  the  Crawford  house  seems  to  hold  an 
obscure  crinoid  in  it  More  decided  is  a  locality  in  East 
Hanover,  where  I  have  found  a  considerable  thickness  of  slate 
conglomerate.  The  locality  was  visited  before  the  first  dis- 
covery of  the  corals  of  Littleton.  I  doubt  not  that  scores  of 
new  localities  of  the  Helderberg  will  be  discovered  along  the 
Connecticut  Valley,  as  explorations  progress,  since  we  now 
know  what  to  look  for. 

A  locality  of  undoubted  Helderberg  slates  and  limestones,  the 
latter  very  scanty,  appears  in  Lyman,  north  fix>m  the  Bodge 
gold  mine,  upon  a  hill  near  D.  Knapp*s  house.  The  limestones 
here  contain  smfdl  crinoidal  fragments.  The  slate  is  friable,  dip- 
ping 75°  northwesterly,  and  800  feet  wide.  The  map  shows  how 
far  they  have  been  traced  continuously  to  the  northward,  viz: 
nearly  to  Young's  Pond.  These  slates  over  a  part  of  their  area 
contain  veins  oi  white  cavernous  quartz  full  of  iron  rust,  which 
have  been  explored  for  gold.  I  do  not  think  gold  is  found  in 
them.  They  can  be  distinguished  from  the  true  gold  quartz  of 
this  r^on  by  the  absence  of  ankerite  and  the  very  fetid  odor. 
North  of  Young's  Pond  are  also  irr^ular  Helderberg  slates. 

A  diflBcult  problem  has  been  propounded  by  our  late  dis- 
coveries, which  cannot  be  solved  satisfactorily  without  further 
explorations.  From  the  south  we  carry  the  auriferous  claj 
slates  northeasterly,  and  from  the  north  we  trace  the  Helder- 
berg series  of  slates  in  the  reverse  direction  until  they  meet  the 
former.  They  are  so  much  alike  that  no  eflTort  has  been  made 
to  separate  them,  and  consequently  it  is  impossible  to  say 
where  one  ends  and  the  other  begins.  The  boundary  line 
must  lie  between  Blueberry  Hill  and  Young's  Pond. 

Swift  Water  Series. 

While  occupied  in  investigating  this  subject,  I  found  a  set  of 
specimens  which  could  not  readily  be  referred  to  any  of  the 
series  that  have  been  mentioned.  I  had  supposed  them  to  be 
connected  with  the  Lisbon  group,  but  a  careful  examination  of 
the  specimens  did  not  tend  to  confirm  this  impression.  I  will 
present  a  section  of  much  importance  crossing  this  and  other 
groups,  in  a  northwesterly  direction,  from  Bronson's  limestone 
quarry  in  Lisbon,  througn  the  village,  and  past  the  ffold  mine 
in  Lyman,  and  nearly  past  Parker  Hill  in  Lyman.  This  is  the 
route  selected  for  the  measurement  of  the  thickness  of  the  Lis- 
bon, Lynian  and  clay  slate  series,  referred  to  abova 

At  the  southeast  end  of  the  section,  there  are  ordinary 
gneisses  dipping  about  N.  20°  W.,  and  holding  a  band  of  azoic 
limestone,  perhaps  100  feet  thick,  inclined  50®,  which  has 
been  extensively  quarried  by  Mr.  Bronson.     On  the  hillside 
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toward  the  pond  are  -friable 
gneisses,  often  very  micaceous 
and  carrjiDg  simple  crystals  of 
atauroiite,  dipping  SO",  N.  60° 
W.  This  is  bordered  by  a  band 
of  horoblende  schist  dipping  in 
the 'same  direction;  40  is  the 
average  for  its  whole  width.  The 
hombleDde  is  an  associate  of  the 
gneiss  formation  rather  than  of 
what  follows.  The  estimated 
thickness  of  thisgncisaic  group 
is  2,600  feeL  It  is  not  clear  to 
which  of  the  gneissic  divisionB 
it  belongs,  though  allied  to  the 
White  Mountain  series  in  some, 
respects. 

Crossing  Mink  Fond  is  a  gray, 
friable  mica  schist  holding  in 
profusion  the  reddish  staurolites 
and  garnets,  the  locality  being 
one  well  known  to  mineralogiste. 
The  average  dip  being  66",  the 
thickness  must  be  8,800  feet 
This  band  is  followed  by  the 
same  gametiferous  slates  which 
have  been  described  upon  the 
south  branch  of  the  Ammonoo- 
suc  (6g.  9).  Staurolite  is  less 
abundant  in  this  than  in  the 
previous  band,  and  it  is  almost 
wanting  in  the  western  portion. 
With  an  average  dip  of  58°,  this 
slate  must  be  over  3,000  feet  in 
thickness. 

The  Swift  Water  series  fol- 
lows. For  140  rods  there  are 
'■•!^  quartzites  and  sandstones  with 
an  average  dip  of  50°,  which 

S'vcs  1,769  feet  in  thickness, 
ore  piarticularlv,  an  excava- 
tion for  gold  at  the  eastern  bor- 
der shows  slaty  layers,  quite 
siliceous,  with  sandstones,  con- 
K  siderably  vitrified-     Next  is  a 

sandstone  with  whitish  cement    Then  there  are  in  order  acti- 
nolite  schist^  hornblende  schist,  white  mica  schist,  and  sand- 
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stone.  •  For  twenty  rods  beyond,  the  rock  is  purely  hornblende, 
and  is  800  feet  thick.  The  strata  are  concealed  for  180  rods 
along  the  line  of  section,  which  must  be  2,400  feet  thick,  if 
their  inclination  agrees  with  those  upon  both  sides.  Just  be- 
yond is  a  black  slate,  exposed  at  a  railroad  crossing  at  the 
north  end  of  Lisbon  village^  which  is  the  last  member  of  the 
series,  and  has  been  traced  along  the  strike  for  eight  miles, 
from  near  a  saw-mill  on  Wetherbee's  Mill  Brook  in  Lisbon  to 
the  line  of  Haverhill.  The  total  thickness  of  the  Swift  Water 
series  on  this  section  seems  to  be  over  4,400  feet 

Attention  was  directed  to  this  group  partly  by  the  slate 
bands  and  partly  by  a  nondescript  conglomerate  adjoining  it, 
particularly  noticeable  a  mile  and  a  half  north  from  Lisbon, 
west  of  Mr.  A.  Bishop^s,  on  the  northwest  side  of  the  river. 
The  pebbles  are  not  discernible  till  the  rock  has  been  weathered 
nearly  white,  and  even  then  it  is  difficult  to  understand  their 
character.     This  band  is  not  more  than  fifty  feet  thick. 

Following  up  the  wild  Ammonoosuc  River  in  Bath,  there  is 
a  characteristic  representation  of  this  series  of  strata,  and  our 
name  is  derived  from  that  of  a  small  village  on  its  banks. 
The  facts  given  are  chiefly  from  the  notes  of  J.  H.  Huntingtoa 
The  Lisbon  eroup  seems  to  extend  up  this  stream  for  more 
than  a  mile  above  its  mouth,  judging  from  its  general  distribu- 
tion. A  little  above  a  starcn-factory,  fig.  11,  there  are  strata 
of  micaceous  conglomerate  of  gneissoid  aspect,  dipping  40°  N. 
63°  W.  The  slate,  or  the  continuation  of  the  Lisbon  band,  is  half 
a  mile  above  the  factory,  and  dips  65°,  N.  70°  W.  Less  than 
half  a  mile  above  is  a  more  distinctly  gneissic  band,  dipping 
56°,  N.  50°  W.  About  the  village  of  Swift  Water  are  various 
exposures  of  a  whitish  mica  schist,  from  40°  to  55°  dip  in  the 
same  general  direction.  There  seems  in  many  cases  to  be 
feldspar  present ;  certainly  a  hasty  look  would  make  the  ledges 
to  be  gneiss.  On  the  north  side  of  the  river  one  ledge  dips 
50°,  N.  10°  E.  There  is  a  band  near  a  cemetery  in  the  soutn- 
west  outskirts  of  the  village  containing  crystals  of  chlorite. 
Passing  above  the  village  the  dip  rises  to  80°  and  more,  or  in 
order,  83°,  N.  42°  W.,  and  82°,  N.  62^  W.  The  last  is  the  most 
remote  exposure  seen.  The  rocks  are  micaceous  friable  quartz- 
ites,  decomposing  so  as  to  appear  ferruginous.  There  are  thin, 
glossy  black  micaceous  bands  of  a  few  inches  in  thickness 
interstratified  with  the  quartzites.  This  is  at  a  bridge  one  and 
a  half  miles  above  the  village.  A  wide  band  of  hornblende 
schist  below  the  bridge  should  not  be  forgotten.  The  gneiss 
above  has  a  high  dip.  It  is  possible  that  an  anticlinal  axis 
may  be  indicated  by  the  divergence  in  the  steepness  of  the  dips. 
There  seems  to  be  a  prolongation  of  a  spur  from  the  gneiss  of 
Haverhill  directly  to  the  point  of  dip-divergence.     There  is 
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considerable  litholoG;ical  similarity  between  the  rocks  along  the 
Lisbon  and  Swift  Water  sections. 

Our  general  impression  of  the  age  of  this  new  series  is  that 
it  is  allied  to  the  Helderbferg.  The  Coos  group  disappeared 
finally  about  two  miles  below  the  Lisbon  section,  so  that  the 
Swift  Water  series  lies  contiguous  to  gneiss  of  a  very  ancient 
period  for  five  or  six  miles.  Were  the  presence  of  chlorite  an 
index  to  its  age,  it  would  be  ranked  with  the  Lisbon  group. 
No  one  need  be  disturbed  by  the  apparent  dip  both  of  the 
Cods  and  Swift  Water  groups,  as  well  as  of  the  Helderberg 
strata  beneath  the  Lisbon  series ;  for  the  lateral  force  has  been 
exerted  so  forcibly  in  New  Hampshire,  that  inversion  is  the 
rale  rather  than  the  exception.  There  is  no  time  to  present  a 
formal  proof  of  this  statement  at  present 

Conclusions, 

Briefly  stated,  the  following  conclusions  respecting  the  rela- 
tions of  these  Ammonoosuc  Helderberg  strata  seem  to  be 
sustained. 

1.  The  fossiliferous  limestones  belong  to  the  Lower  Helder- 
berg. 

2.  The  Helderberg  series  in  New  Hampshire  is  several 
thousand  feet  thick,  and  is  composed  chiefly  of  limestones, 
slates,  sandstones,  conglomerates  and  probably  hornblende 
rock.     Some  of  the  members  are  highly  metamorphic 

3.  These  Helderberg  strata  seem  to  be  newer  than  the  Coos 
group  of  the  neighborhood,  since  they  contain  pebbles  derived 
from  the  latter  series.  The  lithological  character  is  also  dif- 
ferent. 

4.  The  Swift  Water  series  seems  more  nearly  related  to  the 
Helderbergthan  any  of  the  other  formations. 

5.  The  Helderberg  rocks  are  the  newest  in  this  terrane,  and 
the  most  modern  that  have  yet  been  discovered  in  the  State. 

I  propose  next  to  describe  the  Helderberg  strata  and  asso- 
ciated rocks  of  Hinsdale,  N.  H.,  and  Vernon,  Vt,  as  they  con- 
tinue northerly  from  Bernardston  and  Northfield,  Mass. 


Art.  Lni. —  On  W?ieelerite,  a  new  Fossil  Resin  ;  by  0.  LoEW. 

During  the  past  season's  field-work  of  the  explorations  and 
surveys  west  of  the  100th  meridian,  under  the  command  of 
Lieutenant  George  M.  Wheeler,  to  wliich  expedition  I  was 
attached  as  chemist,  many  interesting  chemical  facts  were 
observed.  Among  these  may  be  mentioned  the  occurrence  of 
a  new  fossil  resin,  whose  name  heads  this  article.     This  resin^ 
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which  is  yellowish  in  color,  was  frequentlj  foand  in  the  Creta- 
ceous li^ite  beds  of  northern  New  Mexico,  filling  the  fissures 
of  the  hgnite,  and  even  interstratified  in  thin  layers  with  the 
sama  More  of  this  substance  was 'seen  in  the  vicinity  of  Naci- 
miento  than  in  any  other  locality.  The  strata  of  lignite,  slate 
and  clay,  in  the  numerous  sandstone  mesas  of  this  region,  are 
plainly  to  be  seen  in  passing  by.  The  behavior  of  this  resin 
with  reagents  and  the  analysis  made  proves  this  to  be  a  new 
compound,  heretofore  undescribed. 

On  treating  the  resin  with  alcohol,  the  principal  portion  is 
readily  dissolved,  while  a  small  part  remams  insoluole.  The 
hot  alcoholic  extract  of  the  resin  deposits,  on  cooling,  a  few 
yellow  flocculL  After  the  separation  of  the  solution  from  these 
floccuH,  there  remains,  after  evaporation,  a  yellowish  resin, 
whi'ch  is  very  brittle  and  becomes  strongly  electric  on  friction. 
This  resin  melts  at  164**  C.  At  a  higher  temperature  it  emits 
an  aromatic  odor,  bums  with  a  smoky  flame,  and  leaves  a  vol- 
uminous coal  behind. 

It  is  soluble  in  ether,  less  so  in  bisulphide  of  carbon.  It  dis- 
solves readily  in  concentrated  sulphuric  acid,  producing  a  dark 
brown  solution.  From  this  solution  water  precipitates  it  It 
forms  a  compound  with  potassa  in  aqueous  solution,  and  is  pre- 
cipitated bj  acids  unchanged.  Strong  nitric  acid  readily  oxi- 
dizes it,  with  the  evolution  of  nitrous  fumes. 

0106  grm.  gave  0-284  carbonic  acid  and  0*076  water. 
0  1 01  grm,  gave  0.270  carbonic  acid  and  0*071  water. 

The  data  give  the  formula  C^H^O. 

.  Tbeory.  Experiment. 

I.  n. 

Carbon,  73-11  73-07  72*87 

Hydrogen,  7*31  7*95  7*88 

Oxygen,  19-58 

The  true  molecule  of  the  resin  is  probably  5-6  times  larger 
than  the  above  formula  expresses.  Many  fossil  resins  have 
been  investigated  ;  but  none  identical  with  the  above,  so  far  as 
known,  has  been  described. 

The  retinic  acid  of  Johnston,  which  he  obtained  by  extract- 
ing the  retinasphalt  of  Bovey  with  alcohol,  is  the  only  com- 
bination that  bears  a  resemblance  to  the  substance  un^er  dis- 
cussion. This  has  the  formula  C^^H^^Oe ;  is  slightly  soluble 
in  alcohol,  readily  so  in  ether,  and  melts  at  120°  C 

I  have  taken  the  liberty  of  naming  this  new  niineral  after 
Lieutenant  George  M.  Wheeler,  Corps  of  Engineers,  U.  S. 
Army,  the  honored  and  energetic  leaaer  of  the  expedition  to 
which  I  am  attached 

Laboratory  of  the  Smithfloniaa  Institute,  Washington,  D.  C,  March,  1874. 
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Art.  LIV. — The   ^^  Cheat  Conglomerate"  an  New  River^   West 

Virginia ;  by  W  M.  M.  FONTAINK. 

[Oondnded  from  page  466.] 

This  series,  while  in  some  features  resembling  the  overlying 
Lower  Coal  rocks,  is  distinguished  by  the  almost  entire  absence 
of  shales,  notably  in  connection  with  the  coal  beds.  We  find 
no  well  developed  under-clavs  with  the  coals,  and  no  shales 
overlying  them,  features  strikingly  characteristic  of  even  the 
lowest  bed  of  the  Lower  Coal  rocks.  The  seams  are  enclosed 
in  flaggy  sandstones ;  and  all  their  accompaniments  show  that 
they  were  formed  in  an  era  of  sudden  and  violent  changes. 
The  beds,  followed  from  outcrop  to  outcrop,  vary  much  in 
thickness,  showing  sometimes,  in  short  distances,  a  change  of 
several  feet  These  rapid  changes  are  the  only  unfavorable  char- 
acteristic. I  could  find  no  specimen  of  coal  sufficiently  fi-esh  to 
give  me  a  good  idea  of  the  mineral.  Rogers,  in  his  analysis, 
makes  them  remarkably  free  from  ash,  and  with  much  less 
bituminous  matter  than  the  beds  of  the  Lower  Coal  seriea 
From  the  weathered  appearance  of  the  bed  which  I  examined 
in  detail,  the  proportion  of  sulphur  is  large,  as  we  might  expect 
from  the  antiquity  of  the  formation. 

The  following  measurements,  kindly  furnished  me  by  Mr. 
Maury,  were  taken  a  short  distance  east  of  the  point  examined 
by  myself  They  will  thus  serve  as  a  description  of  the  coal 
beds  at  the  station.  The  railroad  here  runs  aoout  50  ft  above 
the  level  of  the  river. 

Distanoes  above  the  railroad. 

495  ft  2  ft  seam. 

595  ft  4  ft. 

635  ft.  2i  ft. 

647  ft.  8  in. 

747  ft.  2i  ft. 

847  ft  1  ft. 

1125  ft.,  over  massive  sandstone,  4  ft  10  in.  seam. 

1315  ft.  4  ft.  6  in.       " 

The  two  highest  seams  occur  in  the  base  of  the  Lower  Coals ; 
and  these  coals,  with  their  enclosing  rocks,  must,  as  stated  before, 
be  added  to  the  base  of  the  Paint  Creek  section,  leaving  an 
unknown  interval  between.  The  lower  of  these,  the  4  ft.  10  in. 
bed,  lies  about  50  fL  above  the  massive  sandstone ;  hence  the  top 
of  the  rock  would  stand  1,075  ft.  above  the  railroad.  This  rocK 
itself  in  this  section  is  about  150  feet  thick. 

The  third  seam  is  a  good  example  of  the  fluctuations  in  thick- 
ness of  the  coals  of  this  system.  On  the  road,  near  the  station, 
it  is  only  7  in.,  probably  from  a  slip.     About  a  mile  above  the 
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station,  it  shows  an  outcrop  of  4i  ft.  It  was  here  opened,  witli 
the  view  of  shipping  coal  on  an  extensive  scale;  but,  on  follow- 
ing it  into  the  nill,  it  pinched  out  to  a  few  inches,  and  the  work 
was  abandoned,  the  party  next  opening  the  first  seam  above  the 
Conglomerate.  The  Conglomerate  seam  is  composed  of  alter- 
nating lamin»  of  dull  black  charcoal  and  brilliant  black  por- 
tions. It  is  much  fractured,  and  somewhat  friable,  showing 
sulphur  abundantly  in  weathering.  The  junction  of  the  roof 
with  the  coaly  matter  is  extremely  sharp  and  well  defined. 
The  roof  is  composed  of  flaggy  sandstone,  with  many  well-pre- 
served impressions  of  plants.  The  floor  is  composed,  not  of 
the  usual  fire-clay,  but  of  a  curious  conglomerate,  consisting  of 
rounded  fragments  of  fine  gmined  grey  sandstone,  and  a  very 
fine  gray  shale,  all  cemented  by  shaly  matter  colored  with 
coaly  matter.  The  shaly  fragments  are  something  like  the  blue 
shale  mentioned  as  occurring  lower  in  the  series. 

The  plants  found  in  the  roof  deposits  merit  careful  explora- 
tion. I  had  a  very  short  time  to  devote  to  the  collection  of 
them. 

Akthopteris  Serlii  is  the  most  abundant  Both  varieties,  a  and 
/tf,  occur.  Next  in  abundance  is  Neuropteris  Dawsonij  of  which 
I  obtained  several  good  specimens  and  one  entire  leaf,  with 
fragments  showing  a  peculiar  union  at  the  bases  of  adjoining 
leaves.  It  would  seem  that  two  adjacent  pinnules  met  at  their 
bases  under  a  very  acute  angle,  when  the  two  midribs  were 
fused  into  a  common  rachia,  which  was  broadly  winged  and 
seemingly  partly  clasping  in  its  mode  of  attachment  Also, 
more  rarely,  we  find  Sphenopteris  obiusilcha^  Sphnnopfiyilum  an- 
tiquwn  ana  Cyclopteris  Jacksoni. 

We  need  not  be  surprised  to  find  so  large  a  proportion  of 
Devonian  plants  so  close  under  the  lower  coals ;  for,  as  we  shall 
see,  there  was  probably  an  uninterrupted  land  flora  in  some  por- 
tion of  this  region,  extending  from  the  Chemung  up  to  this  era. 

As  has  been  stated,  the  section  at  Sewell  does  not  ex(>ose  the 
base  of  the  Conglomerate  series.  On  passing  to  the  east  up 
stream,  the  constant  northwest  dip  brings  up  lower  and  lower 
strata,  until  another  heavy  white  sandstone,  much  like  the  top- 
most ledge,  is  exposed.  This  portion  of  the  formation  I  had  no 
opportunity  to  examine ;  and  hence  I  cannot  give  the  precise 
eastern  limit  I  think,  however,  that  this  last  rock  may  be  taken 
as  the  base;  for  it  indicates  a  decided  change  in  the  conditions 
controlling  the  next  lower  deposits.  These,  which  appear  in 
succession  to  the  eastward,  are  heavy -bedded  sandstones ;  but 
now  they  assume  reddish  and  brownish  colors,  and  are  inter- 
stratified  with  red  shales.  Some  of  the  sandstones  still  retain 
their  conglomeritic  texture  ;  but  none  is  seen  beyond  Stretch- 
ers Neck  Tunnel,  a  point  some  eight  or  ten  miles  east  of  Sew- 
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ell.  These  rocks  of  passage,  as  we  may  deem  them,  are  suc- 
ceeded by  the  brilliantly  colored  red  shales  of  the  Subcarbon- 
iferous  formation,  which  are  greatly  developed  in  this  region. 
Rising  from  under  them  appears  a  great  limestone  formation, 
which  is  the  base  of  the  Subcarboniferous  in  Virginia,  and 
which  appears  in  great  force  around  Lewisburg.  While  it  is 
difficult  to  fix  the  eastern  limit  of  the  Conglomerate  with  exact- 
ness, owing  to  the  blending  of  its  base  with  the  top  of  the  enor- 
mously expanded  Subcarboniferous  formation,  Kogers  states 
that  the  following  is  the  approximate  boundary.  In  the  north 
of  the  State,  in  Hampshire  and  Hardy  Counties,  it  is  in  the  east 
Front  Ridge  of  the  Alleghany;  in  Greenbrier  and  Monroe 
Counties,  in  the  Greenbrier  ana  Muddy  Creek  Mountains;  and 
farther  south,  in  the  Great  Flat  Top  Mountains* 

In  accordance  with  the  above  statements,  we  see  that  this 
lowest  coal  series  on  New  River  exhibits  a  triple  structure,  with 
a  summit  and  base  of  conglomeritic  sandstones,  and  a  central 
portion  of  more  argillaceous  rocks,  which  contains  beds  of  coal. 
If  we  compare  this  arrangement  with  that  shown  by  the  Con- 
glomerate in  other  portions  of  the  country,  we  shall  find  that 
it  is  the  typical  arrangement  of  this  formation,  wherever  it  at- 
tains a  considerable  development  We  shall  also  find  that  the 
thickening  of  the  whole  formation  is  mainly  due  to  the  expan- 
sion of  the  middle  portion,  and  that  the  increase  in  the  amount 
of  coal  closely  follows  such  expansion.  It  may  not  be  amiss  to 
give  a  brief  description  of  tne  Conglomerate  at  a  few  other 
points,  in  order  to  confirm  these  statements. 

At  its  northwest  extremity,  near  Franklin,  Pennsylvania, 
Prof.  Rogers  shows  that  the  Conglomerate  has  nearly  thinned 
out,  and  has  no  intervening  argillaceous  portion.  The  two 
bounding  sandstones  have  come  in  contact.  To  the  southeast, 
at  Broad  Top  Mountain,  it  is,  according  to  Lesley,  less  than  200 
ft.,  still  containing  the  upper  and  lower  arenaceous  portions,  but 
now,  in  accordance  witn  its  increased  thickness,  containing  a 
central  argillaceous  portion,  with  a  small  development  of  c^al. 

Near  Morgantown,  at  Laurel  Hill,  we  have  the  triple  arrange- 
ment, with  an  entire  thickness,  according  to  Dr.  Stevenson,  of 
about  350  fl.  Near  the  center  of  the  formation  here,  according 
to  a  local  geologist,  occur  two  beds  of  coal,  the  lower  15  in.  and 
the  upper  15  inches  to  3  feet 

The  nature  of  the  formation  on  New  River  we  have  already 
considered. 

Followed  to  the  northeast  into  the  anthracite  fields,  we  find  a 
great  expansion,  with  a  corresponding  development  of  the  mid- 

*  The  details  of  the  general  geology  of  the  country,  given  in  this  paper  to 
illustrate  the  relations  of  the  "  conglomerate,"  are  mainly  derived  from  Wm.  B. 
Boger8*8  Yirginla  Beports. 
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die  portion  and  the  accompanying  coala  Owing  to  the  great 
coarseness  of  the  rocks  here,  the  sandstones  of  the  central  por- 
tions are  oflen  true  conglomerates.  It  is  in  the  anthracite 
region  only  that  the  entire  thickness  of  the  Conglomerate  can 
compare  with  that  of  the  rocks  on  New  River.  Were  it  not 
that  almost  all  of  the  Lower  Coal  series  has  been  swept  o£^ 
where  the  conglomerate  rocks  are  exposed  on  this  stream,  the 
amount  of  coal  present  in  the  two  formations  here  would  not 
be  inferior  to  that  exposed  in  Pennsylvania ;  but  the  greatly 
increased  number  of  seams  would  prevent  any  one  from  attain- 
ing the  great  thickness  of  some  of  the  anthracite  beds. 

In  accordance  with  the  comparison  just  made,  it  would  seem 
that  the  Conglomerate  expands  in  two  directions.  If  weiselect 
a  point  at  the  north  of  the  State,  such  as  Westemport  on  the 
Potomac,  and  trace  this  system  of  rocks  to  the  northwest  into 
the  Sharon  coal  field  in  Pennsylvania,  we  shall  find  it  thinning 
out  rapidly ;  but,  if  we  proceed  to  the  northeast  into  Pennsyl- 
vania, or  to  the  southwest  in  West  Virginia,  we  find  a  very 
marked  expansion.  This  diminution  to  the  northwest  fix)m 
the  above-mentioned  vicinity,  and  thickening  to  the  northeast 
and  southwest,  will  be  founa  characterizing  some  of  tlie  forma- 
tions preceding  the  Conglomerate.  It  is  a  noteworthy  fact 
that,  in  each  case,  the  expansion  to  the  southwest  is  attended 
with  an  increased  formation  of  coaL  Prof  Wm.  B.  Sogers  has 
already  called  attention  to  this  fact,  in  respect  to  the  Subcar- 
booiferous  and  Catskill.  This  increase  of  thickness  to  the 
northeast  and  southwest  from  a  fixed  point,  commencing  in 
the  Devonian  period,  seems  to  have  contmued,  with  some  mod- 
ifications, into  the  Lower  Barren  measures  of  the  Carboniferous 
period.  We  have  seen  that,  to  the  southwest,  on  the  Kanawha, 
the  greatly  increased  thickness  of  fragmental  rocks  in  the  lower 
coals  is  accompanied  by  a  great  increase  of  coal.  On  the  Poto- 
mac, in  the  vicinity  selected  as  our  initial  point,  both  the  entire 
thickness  of  the  Lower  Coal  series  and  the  amount  of  coal  are 
far  less. 

Wm.  B.  Rogers  has  identified  the  Pittsburg  seam  near  West- 
emport, and  places  it  about  600  ft  above  the  lowest  coal  bed  of 
the  Lower  Coal  series.  This  would  give  at  this  point  a  little 
more,  than  600  ft  for  the  Lower  Coal  series  and  the  Lower  Bar- 
ren measures  united.  He  gives  no  separate  measurements  for 
either ;  but,  from  the  position  in  whicri  he  finds  the  coal  beds, 
the  greater  part  of  this  thickness  belongs  to  the  lower  coals. 
This  is  confirmed  by  the  investigations  of  H.  D.  Rogers,  at  Elk 
Lick,  Pa.,  where  he  finds  300  ft.  of  Lower  Coal-measures,  and 
200  ft  of  the  Barren  measures.  This  shows  a  considerable  dimi- 
nution of  the  latter  eastward,  for  we  find  them  450  ft  thick  at 
Morgantown  ;  and  near  Caledonia,  on  Bennett's  Branch,  in 
Pennsylvania,  to  lYie  xiorX^ieaisX. \!cifc^  TEiftaaMte  500  ft 
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the  Lower  Coals  at  Westemport,  Wm.  B.  Bogers  gives 
coal  beds,  averaging  in  the  aggregate  about  15  ft  One  of 
J  is  very  insignificant  (15  in.),  and  variable.  K  now  we  com- 
the  Lower  Coal  series  at  this  point  with  the  thickness  of 
ragmental  rocks  and  coals  shown  over  the  conglomeritic 
on  of  the  anthracite  fields  of  Pennsylvania,  we  see  that 
eries  has  expanded  to  the  northeast  no  less  than  to  the 
iwest 

hile  the  above  facts  indicate  that  the  Lower  Barren  measures 
3Ut  to  the  east,  we  do  not  find  that  they  obey  the  same  law  of 
nution  with  the  older  formations,  at  least  to  such  an  extent 
e  latter.  Still,  we  find  that  the  increased  rate  of  deposition 
jdiment  to  the  northeast  and  southwest  of  the  northern 
on  of  West  Virginia  is  not  entirely  changed.  Selecting 
fantown  for  our  point  of  comparison,  since  we  have  no 
urements  for  places  farther  east,  we  find  the  Lower  Barren 
ures  here  450  ft.  To  the  northeast,  in  Pennsylvania,  on 
lett's  Branch,  we  find  them  500  ft. ;  while  below  Charleston, 
he  Kanawha,  we  have,  as  I  have  shown,  good  reason  to 
c  them  over  500  ft  thick.  This  comparative  uniformity  of 
niess  leads  us  to  think  that  we  have,  in  these  rocks,  no 
3r  formations  fringing  a  continental  mass,  as  would  seem 
5  the  case  with  the  older  formations, 
e  can,  I  think,  detect,  in  some  of  the  formations  underly- 
he  Great  Conglomerate,  a  similar  mode  of  expansion, 
om  what  has  already  been  said  in  connection  with  the 
m  limit  of  the  Conglomerate  on  New  River,  it  would  seem 
the  formation  cropping  out  fh)m  under  it.  the  Subcarbon- 
as,  has  also  in  tnat  region  a  great  expansion.  This  is 
ed  by  the  measurements  of  Prof.  Rogers.  He  states  that 
)le  structure  marks  the  formation  everywhere  in  the  State, 
he  top,  we  find  brownish  and  greenish  sandstones,  with 
stratincations  of  shales ;  in  the  middle,  red  and  green,  soft, 
mposing  shales ;  at  bottom,  limestones.  Measured  on  the 
mac,  near  Westernport,  we  have,  for  the  whole  formation, 
't  with  80  ft  of  limestone.  In  Greenbrier  County  we  have, 
be  entire  thickness,  2,132  ft.  and  822  ft  of  limestone,  with 
ly  any  shaly  seams.  To  the  northeast  in  Pennsylvania, 
ave,  in  the  anthracite  region,  a  thickness  of  2,500  to  3,000 
Imost  entirely  red  shale.  As  usual,  the  expansion  to  the 
iwest  is  attended  with  a  great  increase  of  coal.  There 
d  seem  to  have  been  two  eras  of  coal-making.  In  the  top  of 
e  Sewell  Mountain,  Rogers  found  a  bed  of  coal  close  under 
Conglomerate.  This  seems  to  be  the  equivalent  of  the 
on  coal  of  Pennsylvania,  and  if  so,  indicates  a  remarkable 
stence  for  this  slightly  developed  series. 
►wer  down  in  the  sandstones  and  shales,  a  much  more 
►rtant  formation  ol  coal  took  place,  giving  tv^  m  Xlti^  nvsv^j^- 
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ity  of  Lewisburg,  and  west  of  that  town,  to  a  bed  of  four  feet 
in  thickness.  Still  more  developed  are  these  coals  in  Mont- 
gonjery  County,  where  we  have  two  beds,  the  lower  2-3^  ft., 
and  the  upper  6-9  feet  thick  ;  much  of  the  latter  being  slate. 

The  strata  of  this  formation  in  Pennsylvania  thin  out  rapidly 
to  the  northwest,  just  like  the  Conglomerate,  according  to 
Rogers.  A  line  drawn  in  that  direction,  from  near  Western- 
port,  indicates  the  direction  of  diminution. 

The  next  formation  beneath,  viz :  the  Catskill,  will  be  found 
to  change  in  a  manner  precisely  similar  to  the  above-mentioned 
depasits,  but  in  degree  even  more  striking.  The  following 
are  the  measurements  of  Wm.  B.  Rogers  for  West  Virginia 

On  the  Potomac,  near  Westemport,  he  finds  it  200  feet  thick. 
In  this  part  of  the  State  a  thin  seam  of  coal  presents  itself,  bat 
often  thins  out  and  is  lost  To  the  southwest,  near  Lewisburg, 
it  is  800  feet  thick,  with  the  coal  much  more  developed,  attain- 
ing in  one  place  the  dimensions  of  nearly  four  feet 

This  formation  to  the  northeast  thickens  much  more  rapidly, 
being,  according  to  Dana,  2,000  to  3,000  feet  in  the  CatskiU 
Mountains.*  To  the  northwest  from  the  Potomac,  it  rapidl? 
thins  out  About  six  miles  east  of  the  White  Sulphur  Springs 
the  cuttings  for  the  west  approach  of  Lewis  Tunnel  disclose  a 
very  impure  bed  of  coal,  about  12  inches  thick,  which  at  the 
opposite  end  of  the  tunnel  has  degenerated  into  a  black  bitu- 
minous shale.  It  is  uncertain  whether  this  bed  occurs  in  the 
Chemung  or  Catskill.  If  in  the  former,  it  must  be  near  the 
top,  close  to  the  latter  formation.  The  rocks  immediately  to 
the  west,  toward  the  Alleghany  main  range,  show  characteristic 
Chemung  fossils  in  the  float  rock  on  the  surface;  but  in  the 
short  examination  which  I  made,  to  discover  the  fossils  in  place, 
I  did  not  succeed  in  so  doing.  These  strata  are  very  highly 
inclined  and  differ  in  character  from  those  containing  the  coal. 
The  latter  also  dip  less  steeply,  and  are  apparently  unconform- 
able with  those  lying  more  to  the  west 

The  slates  accompanying  this  small  coal  seam  contain  many 
beautifully  preserved  Devonian  plants,  which  confirm  the  sup- 

f)osition  of  the  Catskill  age  of  the  strata.  Among  the  plant*^ 
lere  preserved  are  several  species  of  Lepidodendron.  Oyclopttm 
Jacksofu]  Noeygerailiia  obtusa  and  Neuropteris  flexuosa  also  occur. 
Of  the  two  latter  I  saw  magnificent  specimens ;  I  was  much 
surprised  to  see  so  finely  marked  a  specimen  of  Neuropteris  at 
this  low  horizon.  Cychpteris  valida  is  common,  also  species  of 
Pinnulan'a,  Among  the  Lepidodendra  is  L,  Oaspianunu  I 
was  enabled  to  collect  but  few  of  the  plants,  and  have  not  jet 
had  an  opportunity  to  study  them  thoroughly.     The  locality, 

*  Prof.  Newberry  and  others  consider  that  the  g^reater  portion  of  this  mass  is 
Chemung.    This  agrees  better  with  the  expansion  of  the  coal  to  the  S.  W. 
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however,  well  deserves  a  careful  examination,  although  the 
best  specimens  have  been  carried  ofif  by  mere  curiosity -seekers. 
It  would  thus  seem  that  the  great  expansion  of  the  Conglom- 
erate on  New  River  is  not  an  isolated  i^henomenon,  but  that  it 
is  the  effect  of  a  condition  of  things  which  began  in  much  older 
formations,  and  continued  until  a  later  era.  The  question  is 
suggested :  Does  not  the  successive  formation  of  coal  on  an 
extended  scale,  along  the  southwest  border  of  the  Appalachian 
coal  field,  commencing  in  the  Devonian  period,  point  to  the 
existence  at  this  time  of  a  continental  mass  nearer  ihan  the 
Azoic  of  Canada? 

Morgantown,  West  Yirginia. 


Art.  LV. — Contributions  from  the  Sheffield  Tjdboratory  of  Yale 
College,  No.  XX.  On  a  Feldspar  from  Bamle  in  Norway  ; 
by  George  W.  Hawes,  Ph.B. 

Associated,  at  Bamle  in  Norway,  with  the  fluo-phosphate 

of  magnesia  and  lime  which  has  been  called  by  v.  Kobell 

Kjerulfine,  is  found  a  triclinic  feldspar.     It  occurs  massive, 

with  two  cleavages  at  an  angle  of  94°.     Upon  the  more  perfect 

cleavage  surface  are  very  fine  striations.     Its  luster  is  vitreous  ; 

color  grayish  white;  semi-transparent.  H.=6.  G.=2*67.  When 

heated  it  phosphoresces  with  a  white  light  and  fuses,  at  about 

three,  to  a  translucent  glass.    It  is  unacted  upon  by  acids,  until 

boiled  for  a  long  time,  and  then  but  slightly.     When  heated 

in  a  matrass,  the  tube  is  dimmed  by  moisture.     The  analyses 

were  made  according  to  the  usual  methods,  and  gave 

I.  II. 

Silica, 66-04  66-05 

Alumina, 20-33  20*41 

Ferric  oxide, '29  28 

Lime, 1-29  1-30 

Magnesia, 1-11  1-08 

Potash, '21  -21 

Soda, 10-01  9-81 

Ignition, ;95  ;96 

100-23  100-10 

O^gen  ratio  for  &,  fi,  Si,  1 : 2-8 :  10. 

This  analysis  shows  the  mineral  to  be  near  oligoclase,  if  not 
identical  with  that  species.  Its  association  and  its  physical 
properties  are  the  same  as  those  given  by  v.  Kobell  for  Tscher- 
makite,  recently  described  as  a  new  species  of  feldspar.*  In 
the  specimens  examined,  which  were  from  the  cabinet  of  Prof. 
Brush,  the  feldspar  occurred  in  quite  large  fragments,  so  that 
it  was  possible  to  extract  it  in  a  state  of  purity. 

*  Ber.  Ak.  Mitaioheii,  Dec,  1873 ;  this  Joiixnai)  Ubic&^  \^*VV. 
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Art.  LVL — Notes  on  some  of  the  Fossils  figured  in  the  reoendy- 
issued  FIftli  volume  of  the  Illinois  State  Oeological  Report;  by 
F.  B.  Meek. 

[Concluded  from  page  490.] 

•Edmondia  ovata ;  pL  XXVI,  fig.  18. — At  the  time  the  figoie 
of  this  shell  and  the  explanations  of  the  plate  were  prepared  at 
Springfield,  being  in  doubt  in  regard  to  its  relations  to  one  of 
the  Nebraska  species,  of  which  there  were  no  specimens  or  other 
means  of  comparison  at  hand,  I  merely  wrote  with  a  pencil, 
provisionally,  opposite  its  number  on  the  explanations  of  the 
plate,  the  name  Edmondia  ovala^  which  was  also  in  the  same 
way  attached  to  the  specimens.  The  intention  was,  at  the 
time,  to  make  thorough  comparisons  with  the  Nebraska  shell 
in  preparing  the  text  for  the  pres&  As  this  intended  revision 
ana  preparation  of  the  text  was  prevented  by  sickness,  how- 
ever, the  merely  provisional  name  was,  as  in  some  other  cases, 
printed  as  originally  written. 

Since  the  publication  of  the  report,  I  find,  on  comparison, 
that  this  shell  is  so  nearly  like  the  Nebraska  form  I  have 
called  E.  suhtruncata  (Paleont  E.  Nebr.,  p.  215,  pL  ii,  fig.  7), 
that  it  may  be  only  a  varietv  of  the  same.  It  is  proportionally 
a  little  longer,  and  has  its  oeaks  somewhat  more  distant  from 
the  anterior  end,  which  is  rather  more  broadly  rounded  in  put- 
line.  It  may  be  a  distinct  species,  but  I  should  have  hesitated 
to  name  it  as  such,  had  I  been  able  to  make  the  comparisons 
and  intended  revision  before  the  report  went  to  the  press. 

ISchizodus  Eossictis  de  Vemeuil ;  figs.  17a-e  and  186,  c,  pL 
XXVI. — The  shells  represented  hj  these  figures  are  so  nearly 
like  those  referred  by  Prot  Gemitz,  in  his  work  on  the  Ne- 
braska fossils,  to  Schizodus  BossicuSj  originally  described  from 
the  Permian  rocks  of  Bussia,  that  little  if  any  doubt  can  be 
entertained  in  regard  to  their  identity,  at  least,  with  the  Ne- 
braska specimens.  In  the  Report  on  the  Paleontology  of 
Eastern  Nebraska,  I  referred  the  Nebraska  City  shells,  with 
great  doubt,  to  S,  curtus  M.  &  W.,  from  the  upper  part  of  the 
Coal-measures  at  Gray ville,  Illinois ;  stating  that,  "  without  in- 
tending to  express  a  positive  opinion  in  regard  to  the  relations 
of  these  two  forms,  I  have  concluded  to  refer  the  Nebraska 
City  specimens,  provisionally,  to  S,  curtus^  I  noticed,  and 
stated,  that  the  Nebraska  specimens  are  more  compressed  than 
the  Illinois  species,  but  could  not  quite  get  rid  of  the  impres- 
sion that  this  might  have  resulted  from  accidental  pressure,  as 
the  specimens  were  nearly  always  found  lying  on  one  side  or 
the  other,  on  the  surfaces  of  separated  laminae  of  argillaceous 
rock. 
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In  subsequently  studying  the  Dlinois  Coal-measure  fossils, 
however,  I  soon  found  that  there  is  there,  even  in  the  lower 
part  of  the  Coal-series,  a  slightly  variable  shell,  agreeing  well 
with  the  Nebraska  City  species,  and  yet  readily  distinguishable 
by  its  constantly  more  compressed  form,  and  less  prominent 
beaks,  from  &  curtus.  Being,  at  the  time  the  plates  were  pre- 
pared, undecided  what  disposition  to  make  of  these  more  com- 
pressed forms,  I  merely  wrote,  temporarily,  the  name  S.  Bossicus 
de  Vemeuil  ?,  opposite  their  number  on  the  explanations  of  the 
plate,  intending  ultimately  to  study  them  more  carefully,  be- 
fore coming  to  a  final  conclusion  in  regard  to  their  relations. 
The  opportunity  to  do  so,  however,  was  prevented,  as  elsewhere 
explained,  and  the  name  printed  in  the  explanations  of  the  plate 
as  at  first  provisionally  written. 

That  these  shells  are  really  identical,  however,  with  the 
Russian  Permian  species  &  liossicusj  is,  I  think,  extremely 
doubtful ;  though  they  nearly  resemble  that  species  in  form ; 
and  there  is,  according  to  Eicnwald,  a  shell  sometimes  found,  in 
.the  Carboniferous  rocKS  of  Russia,  that  he  could  not  distinguish 
from  aSu  Rossicus.  Still,  in  a  genus  like  this,  where  the  species 
often  closely  resemble  each  other,  and  present  few  external 
distinguishing  characters,  eicepting  the  often  variable  one  of 
mere  form,  it  is  perhaps  nearly,  if  not  quite,  impossible,  in  many 
cases,  to  determine  beyond  doubt  the  exact  relations  between 
closely  allied  forms,  until  their  hinges  and  interiors  can  be  care- 
fully compared. 

While  looking  over  the  Illinois  collections,  I  was  fortunate 
enough  to  find  two  specimens  of  the  compressed  form  repre- 
sented by  our  figures  (see  fig.  17c,  d),  showing  the  hinges  of 
both  valves  very  clearly.  An  examination  of  these  figures 
will  show  that  this  shell  presents  some  rather  marked  difier- 
ences  in  the  characters  of  its  hinge,  from  the  typical  species  of 
Schizodus,  as  illustrated  by  Prof.  King.  That  is,  it  has  but  two 
true  teeth  in  each  valve,  instead  of  three  in  one  and  two  in  the 
other;  while  the  one  corresponding  to  the  deeply  bifid  or  split 
tooth  in  the  typical  Schizodus  is  only  a  little  emarginate.  Ac- 
cording to  Prof.  King,  however,  the  teeth  of  this  genus  are 
subject  to  some  variations,  while  Prof.  McCoy,  who  has  care- 
fully studied  the  hinges  of  the  British  typical  species  of  the 
genus  (some  of  whicn  seem  not  to  have  been  seen  by  Prof. 
J&in£^),  says  that  the  third  tooth  is  often  obsolete,  and  that  the 
bifid  one  varies  in  the  distinctness  of  this  character.  De  Vemeuil 
also  describes  S.  Rossicus  as  having  the  posterior  tooth  nearly 
or  quite  wanting.  From  these  facts,  and  the  general  physiog- 
nomy of  our  American  forms,  I  can  see  no  very  satisfactory 
reasons  for  separating  them  from  the  genus  Schizodus, 
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At  any  rate,  whatever  importance  may  be  attached  to  the 
pecnliarities  of  the  hinc^e  we  nave  illustrated,  so  far  as  r^ards 
the  relations  of  these  shells  to  Schizodus^  I  have  no  doubt  that 
the  little  shell  from  the  Kansas  Coal-measures,  for  which  Mr. 
Conrad  proposed  the  generic  name  PrisconaicL,  in  the  Am.  Jour. 
Conch.,  voL  i,  1867,  is  really  congeneric  with  our  specimens. 
I  cannot  agree  with  my  friend  Mr.  Conrad,  however,  in  the 
opinion  that  these  shells  belong  to  the  Unionidce  (Naiade8\ 
On  the  contrary,  their  entire  combination  of  characters^  no  less 
than  their  constant  association  with  marine  types,  seem  to  me 
to  indicate  different  family  relations.  That  is,  they  seem  to  be 
directly  connected,  through  the  typical  SchizoduSj  and  the  vari- 
ous forms  included  in  the  genus  Myophoria^  with  the  Trigoniidtz^ 
as  maintained  by  Prof.  King. 

Yet,  if  farther  comparisons  should  show  that  Mr.  Conrad's 
name  must  be  retainea  in  a  subgeneric  sense,  under  Schizodui, 
the  name  of  our  species,  represented  by  fig.  14a,  6,  c,  will 
doubtless  have  to  be  written  ol  {Prisconata)  curtua.  as  it  almost 
certainly  has  the  same  hinge-characters;  and  I  even  suspect 
Mr.  Conrad's  type,  P.  ventricosOj  may  be  specifjcally  identical 
with  it* 

It  will  be  seen,  by  examining  our  figure  17c,  that  the  sur- 
face of  these  shells,  when  perfectly  preserved,  and  examined 
under  a  strong  magnifier,  in  a  favorable  light,  shows  very  mi- 
nute, exceedingly  regular  and  peculiar  sculpturing.  I  am  not 
aware  that  any  such  markings  nave  ever  been  observed  on  the 
typical  European  forms  of  Schizodus  ;  but  then  it  must  be  re- 
membered that  this  sculpturing  is  so  extremely  minute,  that  it 
is  only  preserved  on  specimens  that  have  been  replaced  by 
pyrites,  or  some  other  very  hard  mineral,  and  not  subjected  to 
the  slightest  abrasion.  Indeed,  so  very  minute  is  it,  that  it 
would  generally  escape  observation,  unless  especially  looked 
for.  On  calling  Mr.  Conrad's  attention  to  it,  he  wrote  me  that 
he  found  it  to  be  beautifully  defined  on  the  type  of  his  pro- 
posed genus  Prisconata. 

Sol-nomya  (sp.  undt);  pi.  XXVII,  figs,  la,  h, — I  have  long 
been  familiar  with  this  shell  among  our  Coal-mciisure  fossils  of 
the  West,  but  have  never  been  quite  able  to  come  to  a  satisfac- 
tory conclusion  in  reganl  to  its  relations  to  a  species  figured 
and  described  by  Prof.  Cox,  in  the  third  volume  of  the  Ken- 

*  I  cannot  agree  with  Mr.  Tate  and  others,  who  would  substitute  a  new  name 
Axinopsis,  or  some  other,  for  Prof.  King's  genus  Schixodiu,  merely  because  the 
name  Schizodon  had  been  previously  used  for  genera  of  Fishes  and  Mammy^'^ 
Although  Schizodus  and  Schizodon  are  etymologiCallj  the  same,  thej  are  still  dis- 
tinct enough  in  sound,  and  to  the  eye,  not  to  be  confounded.  It  is  desirable  of 
course  to  avoid  proposing  names  so  nearly  like  others  already  in  use ;  but,  when 
it  has  been  accidentaUy  done,  and  there  is  no  danger  of  confounding  two  8uc2i 
similar  names,  more  hiarm  results  from  making  changes  than  from  allowing  both 
to  stand. 
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tacky  Geological  Reports.  It  is  certainly  always  narrower  in 
proportion  to  its  length,  and  has,  at  both  extremities,  dififerent 
outlines  from  Prof.  Cox's  figure  ;  while  it  also  wants  the  rather 
distinct  undulations  shown  on  the  same.  If  specifically  dis- 
tinct, it  may  be  called  S.  {Janeia)  trapezoides. 

We  have  elsewhere  stated  reasons  for  believing  that  Prof. 
King's  name  Janeia  may  possibly  yet  have  to  be  retained  for 
the  Carboniferous  and  Permian  species  usually  referred  to 
Solenoinya  {=Sole7nya\  notwithstanding  the  fact  that  Prof  King 
withdrew  it  at  a  later  date.* 

Placunopsis  carhonaHa  M.  &  W. ;  pi.  XXVII,  figs.  2a,  i,  c,  rf. 
It  is  quite  probable  that  this  shell  may  have  to  take  the  name 
Anomianella  carbonaria^  as  it  seems  to  agree  with  a  genus  pub- 
lished under  the  name  Anomianella  by  Rychholt,  in  1852,  from 
the  Carboniferous  rocks  of  Belgium.  I  have  not  seen  a  figure  or 
good  description  of  Rychholt's  genus  :  but  it  is  said  to  be  thin, 
more  or  less  oval,  without  any  perforation  in  the  lower  valve, 
and  to  grow  attached  to  other  shells — all  of  which  characters 
would  appear  to  indicate  very  close  relations  to  our  species. 
They  are,  however,  also  equally  applicable  to  Placunopsis,  of 
Morris  and  Lycett,  proposed  in  lb53  for  Jurassic  species. 
But,  even  if  Anomianella  and  Placunopsis  are  synonymous,  the 
above  suggested  change  would  almost  certainly  still  be  neces- 
sary, Anomianella  having  priority  of  date  over  ^Placunopsis. 

Anomphalus  roiufus  M.  &  W. ;  pi.  XXIX,  figs.  lOa,  6,  c, — 
This  is  tne  type  of  the  group  for  which  we  proposed  the  name 
Anomphalus.  I  merely  call  attention  to  it  here  to  correct  an 
error  into  which  I  regret  to  have  led  Prof.  Bradley,  in  regard 
to  a  little  Illinois  Coal-measure  shell  referred  by  him,  not 
long  back,  to  this  genus,  in  this  Journal.  At  the  time  he 
showed  me  his  specimens  at  Washington,  I  had  not  seen  the 
original  drawings  of  our  type  (which  were  at  Springfield,  111.) 
for  several  years;  and,  from  having  confounded  it,  in  mind, 
with  another  form,  I  supposed  Prot  Bradlev's  shell  to  belong 
to  our  genus.  A  moment's  comparison  with  our  figures  cited 
above,  however,  will  show  that  the  very  broad  flattened  colu- 
mella of  Prof.  Bradley's  shell  at  once  places  it  in  an  entirel}^ 
distinct  and,  as  I  think,  undescribed  genus,  probably  of  differ- 
ent family  relations,t 

Emrmphalus  rugosus  Hall ;  pi.  xxix,  figs.  11a,  6,  c. — This 
shell  was  referred  bv  Prof.  Geinitz,  in  his  work  on  the  Nebraska 
fossils,  to  the  articulate  genus  Spirorbis.  I  have  elsewhere  in- 
si.sted,  however,  not  only  that  it  is  specifically  and  generically 
distinct  from  the  foreign  form  with  which  Prof.  Geinitz  sup- 
posed it  to  be  identical,  but  that  we  have  a  group  of  larger 

*  See  Proceed.  Acad.  N.  S.  Philad.,  April,  1870,  p.  44. 
f  See  page  151  of  this  volume. — Ei>a 

Am.  Joub.  Soi.— Third  Seriss,  Vol.  VII,  No.  42  —  Juuit,  IWI^* 

do 
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species  in  the  Coal-measures  of  Illinois,  which  appear  to  me  to 
connect  it  so  intimately  with  the  genus  Fuompkalus  of  Sow- 
erby,  as  to  show  it  to  be  a  true  mollusk,  if  not  really  a  species 
of  Sowerby's  genus.  By  comparing  the  figures  cited  above 
with  the  forms  represented  by  figures  I2a,  6,  c,  13a,  6,  c  and 
14a,  6,  c  of  the  same  plate,  this  will,  I  think,  be  apparent 
enough  to  any  one. 

In  conclusion,  I  would  remark,  in  connection  with  what  has 
already  been  said  respecting  the  Coal-measure  fossils  illustrated 
in  the  Illinois  Report  under  consideration,  that  a  comparison  of 
these  forms,  particularly  those  represented  on  pi.  xxvi,  with 
those  figured  by  Prof.  Geinitz  in  his  "  Carbon-formation  und 
Dyas  in  NebrasKa,"  will,  it  is  believed,  clearly  show  that  those 
Nebraska  so-called  Dyas  rocks  cannot  be  separated  from  the  true 
Coal-measures  upon  any  well-defined  paleontological  evidence. 
I  have,  however,  so  fully  discussed  this  subject  in  the  Report 
on  the  Paleontology  of  Eastern  Nebraska,  that  it  is  unnec- 
essary more  than  merely  to  allude  to  it  here. 

Pkurotomaria  Gurleyi;  pi.  XXX,  figs,  b  a,  6,  c — ^This  species 
was  described  by  me  in  tne  Proceed.  Acad.  Nat  ScL  Philad., 
for  August,  1871,  page  177. 

NOTB. — ^In  addition  to  the  typographical  errors  noted  in  the  list  «t  the  end  of 
the  volume,  the  following  errata  should  be  corrected : 
Page  477,  4th  line  from  top,  for  "  connection,"  read  connections. 
"    568,  20th  line  from  bottom,  for  "yp«c///m,"  read  ypafifi^. 
"    692,  2d  line  from  top,  in  explanations  of  pi.  xZYin,  and  index,  for  ''  Ten- 
tricosus,"  read  ventrica ;  the  latter  being  the  original  orthography,  ae 
written  by  N.  k  P. 
"    602,  16th  line  from  top,  for  "  specimens,"  read  species. 
Expl.  Plate  IV,  top  line,  for  "  Theimei,"  read  ThiemeL 
'*         "    XIV,  16th  line  from  top,  for  "  small  simple  arms,"  read  small  simple 

arm. 
"  "    XX,  4th  line  from  bottom,  for  page  "  330,"  read  page  530. 

"  *'    XXIX,  10th  line  from  top,  for  "  %.  6»,"  read  fig.  2*. 

Lettering  of  pi.  xxvi,  lower  left-hand  figure,  for  "  21(2,"  read  20dL 

It  is  perhaps  hardly  necessary  to  explain  that  the  references 
to  the  Proceed.  Acad.  N.  S.,  in  connection  with  the  remarks  on 
the  genera  ActinocriniteSj  on  page  339,  BatocrinuSj  page  364, 
Megistocrinus^  page  393,  iScc,  are  merely  intended  to  designate 
where  these  remarks  were  first  published  by  us,  and  not  to 
refer  to  the  original  description  of  those  genera. 

Jacksonville,  Pla.,  January,  1874. 
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Art.  LVn. — Contributions  Jrom  the  Sheffield  Laboratory  of  Yale 
College.  No.  XXX. — On  the  Chemical  Composition  of  the 
wood  of  Acrogens ;  by  George  W.  Hawes,  Ph.B. 

• 

The  following  analyses,  giving  the  elemental  composition  of 
some  dried  plants  of  the  class  oi  Acrogens,  will  be  of  interest, 
as  showing  the  relationship  between  these  and  other  forms  of 
vegetable  matter.  It  was  from  this  class  of  plants  that  coal 
was  mostly  formed,  and  the  analyses  will  therefore  be  of  value 
in  calculations  as  to  the  origin  and  formation  of  coal  bed&  Some 
of  them  have  been  used  by  Prof  Dana  in  the  new  edition  of 
his  Geology  in  illustration  of  this  subject  With  the  exception 
of  the  stem  of  the  Tree-fern,  the  plants  were  coUected  near  If  ew 
Haven.  Average  samples  of  the  part  above  ground  were  made, 
including  the  spores,  and  including,  in  the  case  of  I/ycopodium 
camplaiiatum,  a  due  proportion  of  the  trailing  stem,  and  in  the 
case  of  the  fern,  Aspidium  marginale^  a  portion  of  the  woody 
rhizoma. 

The  combustions  were  made  with  chromate^of  lead  as  an  oxi- 
dant, but  for  the  sake  of  experiment,  the  Equisetum  and  the 
Lycopodiums  were  afterward  Dumed  with  the  mixture  of  potas- 
sium dichromate  and  kaolin,  which  has  been  proposed  as  a  sub- 
^  stitute  by  Prol  S.  W.  Johnson,     (See  this  Journal  for  May.) 

The  following  were  the  results  obtained :  analyses  9  to  12 
are  of  the  tree  fern,  9  and  10  of  a  complete  section  of  the  stem 
or  trunk,  and  11  and  12  of  the  exterior  or  "  cortical"  part 

Carbon.  Hydrogen.  Oxygen.  Nitrogen.  ABh. 


1. 

2. 

Lycopodium  dendroideum, 

It                  It 

4711 
47-29 

6-39 
6-43 

41-85 
41-62 

1*40 
1*38 

3-25 
3-28 

100 
100 

3. 

4. 

Lycopodiom  oomplanatum, 

it                                     K 

46-78 
45-62 

6-25 
6-26 

40-66 
40*79 

1*84 
1*84 

5-47 
5-49 

100 
100 

5. 
6. 

Equisetum  hyemale, 

t(              (t 

41-94 
41-96 

5-89 
601 

39*23 
39-21 

1*12 
112 

11-82 
11-70 

100 
100 

7. 

8. 

Aspidium  marginale, 
It              tt 

44-77 
44-70 

5-99 
6*05 

41-97 
42*03 

2-08 
2-05 

5-19 
5-17 

100 
100 

9. 
10. 

Gyathea  canaliculata,  section, 

tt               tt 

45-39 
45-33 

6-11 
6-21 

39*82 
39-76 

1*12 
1-10 

7-56 
7-60 

100 
100 

11. 
12. 

"               "  •»  cortical"  part, 

ti               tt         tt         ti 

48-72 
48-61 

4*89 
4-95 

38*48 
38*53 

1-42 
1-42 

6-49 
6-49 

100 
100 

Excluding  the  ash  from  these  analyses,  we  have  the  follow- 
ing as  the  composition  of  the  vegetable  tissues.  For  the  sake 
of  comparison,  an  analysis  by  Websky  of  a  Sphagnum,  the 

Seat  plant  of  swamps  and  a  member  of  another  class  of  the 
iryptogams,  is  added;   and  also  analyses  of  three  kinds  of." 
wood. 
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C;«rbon.      Hydrogen.     Oxygen.      Kttrogen. 

Lycopodium  dendroideum, 
Ljcopodium  complanatunif 
Equisetum  hyemale, 
Aspidium  marginale, 
Gyathea  canaliculata,  section, 

"  '»      »*corticar  part, 

Sphagnum  fWebakj), 
Oak  (Payen), 

Beech  " 

Ebony 


It 


48-79 

6-62 

43-16 

1-44 

100 

48-36 

6-61 

43*09 

1-96 

100 

47-64 

6-74 

44-46 

1-27 

100 

4718 

6-36 

44-30 

2-17 

100 

4908 

6*66 

43-06 

1-21 

100 

6204 

6-26 

41-18 

1-52 

100 

49-88 

6*64 

42-43 

1-16 

100 

6000 

6-20 

43.80 

100 

49-26 

6-10 

44-65 

100 

62-86 

6-00 

4115 

100 

From  these  analyses  it  is  evident  that  the  wood  of  Acrogens 
does  not  differ  in  ultimate  composition  from  that  of  ordinary 
forest  trees,  since  the  percentages  of  the  constituent  parts  all 
come  within  the  limits  of  variation,  not  only  of  the  different 
kinds,  but  often  of  the  same  kind,  of  wood.  Payen  obtained 
from  one  specimen  of  hard  oak  wood  54*44  of  carbon ;  and 
Baer  from  the  beech  obtained  a  percentage  as  low  as  46*10. 
Their  microscopic  structure  would  seem  to  show  that  they  con- 
tain about  the  same  amount  of  cellular  tissue. 

The  stem  of  the  tree  fern  was  brought  from  Tahiti  by  Prof 
Dana.  The  central  pith,  as  usual,  was  gon&  For  the  first  two 
analyses  (Nos.  9,  10)  a  complete  section  of  the  stem  was  made, 
and  sampled.  For  the  other  two  (Nos.  11,  12)  a  portion  of  the 
outer  "  cortical"  layer  was  taken.  This  is  composed  of  a  very 
hard  material,  much  better  fitted  to  resist  force  and  decomposi- 
tion than  the  soft  wood  and  pith ;  and  this  is  the  part  that  is 
commonly  called  the  bark.  But  it  is  evident  that  in  this,  as 
in  other  endogenous  fonns  of  vegetation,  there  is  no  true  bark. 

This  cortical  portion  forms  the  support  of  the  fronds,  which 
on  dropping  away  leave  it  as  a  sheath ;  but  the  section  of  the 
stem  shows  that  the  true  wood  of  the  interior  is  likewise  sur- 
rounded by  this  hard  substance,  nearly  as  thick,  and  showing 
the  same  microscopic  structure  and  arrangement  of  layers  as  the 
so-called  bark.  (See  plates  in  Hugo  Mohl's  Essay  on  the 
Structure  of  the  Stem  of  Tree  Ferns,  in  Martins  Icon.  Plant 
Crypt.  Brazil.)  Hence,  although  the  exterior  is  more  hard  and 
resisting  than  the  pith,  it  is  not  more  so  than  much  of  the  inte- 
rior of  the  plant;  the  portions  which  are  left  finally  undecom- 
posed  can  not,  therefore,  be  more  correctly  called  bark  than  the 
exterior  of  the  stems  of  Lycopodiums.  Its  resemblanee  in  com- 
position to  ebony  will  be  noticed  in  the  tabla  In  the  micro- 
scopic sections  above  referred  to,  small  particles  of  resin  were 
seen  lying  immediately  against  these  hard  portions  of  the  tree 
fern ;  and  the  secretion  of  oils,  camphors,  resins,  and  other 
bodies  rich  in  carbon,  by  tropical  trees,  makes  its  resemblance 
to  such  woods  more  striking,  although  it  does  not  differ  essen- 
tially from  some  of  the  oak  woods  which  have  been  analyzed 
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SCIENTIFIC    INTELLIGENCE. 

L  Chemistry  and  Physics. 

1.  Antimonovs  chloride  as  a  Test  for  Caesium. — Godkffboy 
has  noticed  that  a  solution  of  antimonous  chloride  in  concentrated 
hydrochloric  acid  gives,  in  not  too  dilute  solutions  of  caesium,  a 
white  crystalline  precipitate,  not  soluble  in  an  excess  of  acid.  The 
other  alkali-metals  are  unaffected  by  this  reagent.  The  precipi- 
tate, collected  on  a  filter,  washed  with  concentrated  hydrochloric 
acid,  and  dissolved  in  the  same  acid,  very  dilute,  yields  on  evapora- 
tion well  formed,  hard  crystals,  permanent  in  the  air,  and  belong- 
ing to  the  hexagonal  system.  When  obtained  pure  by  repeated 
recrystallizations,  analysis  afforded  chlorine  33*419,  antimony 
30*531  per  cent,  corresponding  to  the  formula  SbClgCsCL  It  is 
decomposed  by  beat  and  also  by  treatment  with  water ;  though  it 
is  readily  soluble  without  change  in  dilute  acids.  The  author  pre- 
fers this  reaction  to  that  obtained  with  stannic  chloride  by 
Sharpies*  and  also  by  Stolba,  since  this  produces  precipitates 
with  rubidium  salts,  difficultly  soluble  in  hydrochloric  acid,  and  if 
ammoniacal  salts  be  present,  throws  down  also  the  ammonium 
doable  salt;  whereas  both  the  ammonium  and  the  rubidium 
double  antimonous  chlorides  are  easily  soluble  in  concentrated 
hydrochloric  acid. — Ber.  Berl.  Chem,  6es.^  vii,  375,  April,  1874. 

G.    F.    B. 

2.  On  the  Production  of  BUick  Phosphorus. — Riitkr  finds 
that  the  black  variety  of  phosphorus,  first  described  by  Thenard, 
and  which  is  produced  by  the  sudden  cooling  of  melted  phos- 
phorus, can  be  uniformly  obtained  when  the  phosphorus  contains 
arsenic.  The  property  of  becoming  black  mav  therefore  be 
readily  communicated  to  phosphorus  by  placing  it  for  a  short  time 
in  an  arsenical  solution,  preferably  acidified  with  hydrochloric 
acid.  In  thin  layers,  this  form  of  phosphorus  is  translucent,  and 
melts  on  heating  to  a  'colorless  liquid,  which  on  slow  cooling  be- 
comes ordinary  phosphorus.  On  treating  the  black  variety  with 
carbon  disulpnide,  the  black  material  is  left  as  a  residue,  having 
the  composition  As^P.  In  contact  with  air  it  becomes  brown, 
and  if  preserved  in  water,  the  arsenic  oxidizes  and  goes  gradually 
into  solution.  The  quantity  of  arsenic  phosphide  which  is  neces- 
sary to  produce  this  blackening  of  phosphorus  is  very  small,  half 
of  one  per  cent,  and  in  some  cases  even  less,  being  entirely  suffi- 
cient. On  evaporating  the  carbon  disulphide  in  a  current  of  car- 
bonic gas,  the  phosphorus  which  is  left  is  colorless  and  does,  not 
blacken  on  sudden  cooling.  Indeed,  the  same  result  may  be  pro- 
duced mechanically :  a  tube  constricted  at  a  point  a  quarter  of  its 
length  from  below,  is  filled  with  the  arsenical  phosphorus  and  kept 
in  fusion  at  a  temperature  of  50°  for  eight  to  ten  hours.  It  is  then 
very  slowly  cooled     On  breaking  the  tube  at  the  narrowed  point,, 

♦  This  Journal,  11,  xlvii,  178,  1869. 
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the  phosphorus  in  the  upper  portion,  in  which  the  arsenic  phos- 
phide has  collected,  becomes  black  on  sudden  cooling,  while  that 
in  the  lower  portion  undergoes  no  such  change.  The  author  con- 
cludes therefore  that  blacK  phosphorus  is  not  an  allotropic  form 
of  this  substance,  but  that  the  result  is  due  to  a  sort  of  liquation 
produced  by  the  presence  of  an  impurity.  In  the  case  of  commer- 
cial phosphorus,  this  is  generally  arsenic ;  but  other  substances 
will  effect  the  result,  as  is  shown  by  Blondlot's  black  phosphoms 
produced  by  mercury.  Hitter  has  obtained  it  with  copper  also.— 
BuU,  JSoc.  Ch.,  n,  xxi,  151,  Feb.,  1874.  g.  f.  a 

3.  Ii\/luence  of  the  position  of  the  Oxygen  cUoms  in  the  Mole- 
cule upon  the  boiling  point — ^From  an  extended  comparison  of 
metameric  organic  bodies  containing  oxygen,  Naumann  derives 
the  following  law  relating  to  the  influence  of  the  position  of  the 
oxygen  upon  the  boiline  point :  In  metameric  bodies  of  the  same 
chemical  character  and  of  otherwise  similar  structure,  the  more 
the  oxygen — similarly  combined  in  the  molecule — approaches  the 
middle  of  the  atomic  chain,  the  lower  is  the  boiling  point.  Of  the 
numerous  examples  given,  one  from  each  class  must  suffice  for 
illustration : 

Normal  Alcohols.  ^^ 

Normal  primary  butyl  alcohol,  CHg.CHg.CH^.CH, 

OH 
"       Becondary«'         «  CH,.CH..CH.CH, 

OH 

Isoalcohols. 

H  C  ) 
Fermentation  amyl  alcohol,     lt^q  f  CH.CH2.CHj 

S         /  • 

H  C  )  ^^ 

Methylpseudopropylcarbinol,  it'q  f   CH.CH.CH3 

OH 

Dimethylethylcarbiuol,  U^C  [  ^'^^a-^^a 

3     *    • 

OH 
Missed  Normal  Ethers, 


116' 


99' 


128M82* 


104'*-108* 


98-6'*-102* 


Methyl-propyl  ether,  CH3.CH3.CHJJ.O.CH 
Diethyl  ether,  CH3.CH2.O.CH2.CH 


3 
a 

Mixed  Iso-ethers, 


49°-o2' 
85-5° 


Methyl -isoamyl  ether,      y»^  i  CH.CHj.CHjj.O.CHj  92 

Ethyl-isobutyl  ether,        ^^^  1  CH.CH2.O.CH2.CH3  78^-80 
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Compound  Ethers. 
Propyl  acetate,      CH,.C- -O. -CHa.OHa.CHj  101*98° 

I 

Ethyl  propionate,  CH5.CHg.C-.-O --CH^.CHa  98-8° 

il 

If  we  compare  together  methyl  butyrate, 
CH3.CHg.CH2.C--O— CH3,  with  propyl  propionate 

CHj.CHa.d-O-.-CHa.CHg.CHg,  the  first  of  which  boils  at  102° 

I 

the  last  at  122*44°,  it  would  at  first  seem  as  if  this  law  was  con- 
tradicted ;  since  the  linking  oxygen  atom  in  the  latter  is  exactly 
in  the  middle  of  the  chain.  But  the  explanation  of  this  apparent 
anomaly  is  found  in  the  fact,  readily  observed  on  comparing 
together  butyl  propionate  CH3.CH2.C— O—CHj.CHg.CHjCHs, 

and  propyl  butyrate,  CHa.CHj.CHg.C-.-O-.-CHj.CHa.CH,,  boil- 

ing,  the  one  at  145*99°,  the  other  at  •14d'42°,  that  for  an  analo- 
gous position  of  the  linking  oxygen  atom,  the  influence  of  the 
saturating  or  doubly  combined  oxygen  atom  is  proportionately 
greater ;  so  that  in  the  former  case  moving  the  saturating  oxygen 
atom  from  the  center  of  the  chain,  more  than  counterbalances  the 
approach  toward  it  of  the  linking  oxygen  atom.  This  result  the 
author  explains  by  the  hypothesis  that  when  condensation  from 
the  gaseous  to  the  liquid  state  takes  place,  similar  parts  of  the 
various  molecules  approach  more  closely  in  proportion  as  the 
oxygen  lies  nearer  the  center  of  the  chain. — Ber.  Berl.  Chem. 
Ges.^  vii,  206,  March,  1874.  g.  f.  b. 

4.  On  the  Vibration  of  lAqidd  Surfaces, — BABTHiuBMT  has 
subjected  to  investigation  the  undulations  which  are  produced 
upon  liquid  surfaces  when  these  are  thrown  into  vibration.  In- 
stead of  producing  the  motion  of  the  liquid  by  a  sudden  blow  or 
an  upward  movement,  as  in  the  case  of  Faye's  experiment,  the 
author  made  use  of  a  heavy  tuning  fork  for  this  purpose,  the 
vessel  containing  the  liquid  being  in  contact  with  it,  either 
directly  or  through  the  intervention  of  the  table  on  which  both 
rested.  The  best  results  were  obtained,  however,  when  the  vessel 
of  liquid  was  placed  upon  the  resonant  case  of  the  tuning  fork 
itself.  Similar  results  were  also  obtained  upon  the  sounding 
board  of  a  piano.  In  this  way  the  sui-face  of  the  liquid  assumed 
a  fixed  condition  of  elevation  and  depression,  the  result  of  uni- 
form vibration  over  its  entire  area.  The  phenomenon  may  be 
observed  either  directly  by  a  small  telescope,  or  better  by  projec- 
tion upon  a  screen.     1^  or  this  purpose,  a  beam  of  sunlight  is  re- 
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fleeted  upon  the  liquid  surface  obliquely ;  the  reflected  beam 
being  rendered  horizontal  by  a  second  miiTor  and  thrown  on  to  a 
screen,  being  first  brought  to  a  focus  by  a  suitable  lens.  The 
image  thus  obtained  is  so  steady  that  it  may  be  photographed. 
In  the  case  of  transparent  liquids,  the  incident  beam  must  be 
much  more  oblique.  Various  attempts  were  made  to  fix  these 
wave-surfaces,  but  without  success.  The  best  results  were  ob- 
tained by  covering  the  surface  of  the  vibrating  meroury  with 
fused  stearin.  The  solidification  of  the  latter  aflbrded  a  cast  of  the 
wave-form.  Fusible  metal  may  be  thrown  into  vibration,  but  its 
surface  is  distorted  on  cooling.  The  variously  shaped  vessels 
employed  were  either  entirely  of  glass — in  which  case  the  walls 
should  be  equally  thick  in  all  directions — or  were  made  with  a 
wooden  base  with  glass  sides  cemented  together.  Rectangular 
vessels  give  two  sets  of  brilliant  lines  parallel  to  each  side,  formed 
by  the  ridges  of  the  waves.  Between  these  are  less  luminous 
lines  produced  by  the  hollows.  Bright  points  are  formed. at  the 
intersections  of  ^oth.  As  the  movement  dies  away,  the  line? 
parallel  to  the  shorter  sides  disappear  first,  leaving  those  parallel 
to  the  longer;  though  sometimes  components  of  both  are  left 
forming  zigzags  diagonally  across  the  surface.  From  his  experi- 
ments Barthwemy  deduces  the  two  following  laws :  1st,  the 
breadth  of  the  undulations  is  inversely  as  the  number  of  vibra- 
tions ;  and  2d,  the  distance  between  two  lines  produced  by  the 
same  fork  is  independent  of  the  density  of  tne  liquid.  The 
figures  given  by  circular  masses  of  liquid  consist  of  equidistant 
circular  lines  interst^cted  by  radii  equally  equidistant ;  thus  giving 
trapezoidal  forms  with  curvilinear  bases.  If  the  fork  touches  the 
vessel,  a  cross  of  no  vibration  appears  corresponding  to  the  nodal 
lines  of  this  vessel.  As  the  vibration  ceases,  two  opposite  sectors 
disappear  and  the  two  alternate  ones  remain.  By  placing  saml 
on  the  surface  of  the  mercury  and  then  covering  it  with  water, 
circular  lines  arc  formed  and  also  the  cross  of  no  vibration  ;  the 
sand  gathering  in  heaps  at  the  vibrating  parts.  Triangular  ves- 
sels give  lines  perpendicular  to  the  sides,  forming  brilliant  hexa- 
gons, the  centers  of  which  are  the  angles  of  fainter  hexagons, 
having  the  radii  of  the  first  set  for  sides.  As  the  niotiorf  lessens, 
only  one  set  of  lines  persists  and  the  surface  is  covered  with  n^cti- 
linear  waves  ])erpendicular  to  one  of  the  bases.  Elliptical  vessels 
give  figures  of  exceeding  beauty,  the  lines  having  reference  to  the 
two  axes  of  the  ellipse.  The  author  calls  attention  to  the  general 
character  of  these  wave-surfaces.  In  the  basin  of  a  fountain,  in 
the  waves  of  the  sea,  these  forms  are  recognized.  Even  in  the 
sand  on  the  sea  bottom  they  can  be  traced.  Certain  lines  thus 
made  gave  on  measurement  2*6  vibrations  per  second.  They  may 
be  seen  1 00  meters  from  the  beach  and  at  a  depth  of  eight  or  ten 
meters.  So,  out  of  the  water,  the  sand  on  the  beach  was  found  to 
have  taken  these  forms ;  thus  suggesting  that  the  air  itself  was 
capable  of  similar  vibration.  So  also  clouds  are  arranged  often  in 
parallel  bands,  being  then  considered  a  precursor  of  fine  weather. 
Even  in  geology,  the  author  thinks  oertam  regular  and  equidistant 
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foldings  of  stratified  rocks  evidence  of  analogous  vibrations.  The 
ventral  segments  of  a  liquid  vein,  M.  Baithelemy  thinks,  are  pro- 
duced by  the  vibration  of  the  liquid  mass  upon  which  it  falls 
reacting  upon  it.  And  he  makes  an  ingenious  application  of  these 
facts  to  account  for  the  phenomena  of  stratification  pr6duced  by 
electric  discharges  in  rarefied  media. — Ann.  Chim,  Phys.^  V,  i, 
100,  Jan.,  1874.  g.  f.  b. 

5.  Expansion  of  Gases. — Ph.  Jolly  has  riecently  conducted  a 
series  of  experiments  on  the  expansion  of  gases,  and  a  new  form  of 
air-thermometer.  His  apparatus  consists  of  a  bulb  tube  containing 
the  gas  to  be  studied,  connected  by  a  long  rubber  tube,  contain- 
ing mercury,  with  an  open  cylindrical  manometer  tube.  By  vary- 
ing the  height  of  the  latter  the  pressure  may  be  altered  at  will. 
The  volume  of  the  gas  is  always  rendered  precisely  the  same  by 
bringing  the  mercury  just  in  contact  with  a  glass  point  inside  the 
bulb  tube.  The  observation  therefore  consists  in  measuring  the 
pressure  at  various  temperatures.  The  coeflicient  of  expansion  of 
various  gases  was  thus  determined  with  the  following  results.  The 
numbers  are  multiplied  by  10*  or  one  million,  to  render  a  compari- 
son more  convenient.  The  coefficient  for  air  was  found,  from 
20  measurements,  to  be  3669*6,  while  Rudberg  found  it  3645-7, 
Pegnault  d665,and  Magnus  3667'8.  Hydrogen  gave aresult  3656*2, 
nitrogen  3667*7,  oxygen  3674*3,  carbonic  acid  3706*7.  The  same 
instrument  is  also  readily  employed  as  an  air-thermometer. — Pog- 
gendorff'^s  Jvhelband^  p.  82.  e.  c.  p. 

6.  jRef Taction  and  Dispersion  of  Oases. — Mascart  has  em- 
ployed for  this  purpose  a  spectroscope  in  which  the  collimator  is 
placed  at  a  considerable  distance  from  the  prism.  The  parallel 
oeam  emerging  from  the  collimator  is  divided  mto  two  by  a  double 
plate  of  the  form  proposed  by  Fizeau,  and  the  two  equal  portions 
are  thus  separated  several  millimeters.  They  next  traverse  tubes 
to  contain  the  gas,  closed  with  plates  of  glass,  and  are  then  brought 
together  by  a  second  double  plate  turned  in  the  opposite  direction 
from  the  first,  and  are  finally  refracted  by  the  prisms. 

If  we  cause  a  difference  m  path  of  the  rays  either  by  varying 
the  j^ressure  of  the  gas  in  one  of  the  tubes,  or  by  turning  the  dou- 
ble plates,  a  series  of  dark  lines  are  produced  in  the  spectrum 
known  as  Talbot's  bands.  In  any  case,  calling  D  the  difference  in 
path  or  retardation,  F  the  number  of  a  particular  band  and  A  its 
wave-length,  we  have  D=PX.  Calling  7i  the  index  of  refraction 
and  IT  the  pressure  to  which  the  gas  is  subjected,  it  is  found  that 
we  may  express  the  value  of  n  by  the  equation  n  —  1  z=a  (l+i  ^  ^)t 
in  which  a  and  ^  are  constants.     In  the  same  way  Regnault's  re- 

suits  for  pressures  under  8  atmospheres  show  that  -=y=iA'(\  -|-  B'H)j 

so  that  if  the  excess  of  refraction  n  — 1  is  proportional  to  the  dens- 
ity d  of  the  gas,  the  two  coefficients  )i  B  and  B'  should  be  equal. 
In  the  following  table  are  given  for  various  gases  the  values  of 
B*  as  determined  by  Regnault  and  .^  B  measured  as  described 
above.  We  may  remark  that  the  refraction  and  compressibility 
vary  alike,  in  one  direction  for  hydrogen  and  in  the  opposite  way 
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for  all  the  other  gases.  That  they  are  of  the  same  order  of  mag- 
Ditude,  except  for  binoxide  of  nitrogen  and  carbonic  oxide,  whik 
in  no  cases  are  they  exactly  equal ; 


Gas. 


Hydrogen I 

Nitrogen i 

Protoxide  nitrogen.! 
Binoxide  nitrogen  .: 

Carbonic  oxide ' 

Carbonic  acid ' 

Sulphurous  acid ! 

Cyanogen I 


P'xlO* 

-  67 

4-107 

68 

754 

225 

435 

i«01 

3220 

3220 


iBxlO" 

i3xlO» 

10«(n~l) 

CxlO* 

-87 

381 

•1388 

44 

4-72 

383 

•2928 

68 

85 

382 

•2972 

69 

880 

388 

•6084 

127 

70 

367 

•2967 

89 

367 

•8336 

76 

720 

406 

•4494 

62 

2500 

471 

•6820 

2700 

•8202 

100 

This  difference  may  be  in  part  due  to  the  difficulty  of  their  deter- 
mination, to  differences  of  temperature,  and  to  want  of  exactness 
of  the  formulas  employed.  Hence  we  may  say  that  at  a  constant 
temperature  the  excess  of  refraction  n—  1  of  a  gas  is  nearly  pro- 
portional to  the  density. 

The  same  law  does  not  hold  as  we  change  the  temperature ;  if 
/*  is  the  number  of  bands  which  pass  when  the  pressure  varies  from 
one  value  to  another,/  (l+at),  instead  of  being  constant,  contin- 
ually diminishes  as  tjie  temperature  rises,  so  that  the  ususd  coeffi- 
cient /r  must  be  replaced  by  a  larger  one  fiy  whose  value  multiplied 
by  100,000  is  given  for  temperatures  below  40®  in  column  four  of 
the  above  table.  In  the  case  of  carbonic  acid  and  binoxide  of 
nitrogen  ft  has  the  same  value  as  (y. 

To  find  the  absolute  index  of  refraction  it  is  sufficient  to  meas- 
ure the  length  of  the  tube  and  to  know  the  value  of  the  wave- 
leujj:tli  A.  With  the  soda-flame  the  index  was  found  to  be  what 
is  given  in  column  five  of  the  table,  that  is  the  index  for  air 
;i  =  I '0002923,  the  tempeniture  being  0°  and  the  pressure  760  mms. 

The  same  apparatus  was  employed  to  measure  the  dispersion  of 
different  gases.  The  slit  of  the  collimator  is  illuminated  at  the 
same  time  bv  the  calcium  or  other  white  light  and  by  the  sparks 
of  an  induction  coil  between  metallic  conductors.  In  the  spectrum 
may  then  be  observed  at  the  same  time  the  bright  lines  of  the 
metals  and  the  bands  of  Talbot.  Making  the  experiment  at  differ- 
ent pressures,  affords  a  means  of  determining  the  dispersion,  or  of 

measuring  C  in  the  formula  of  Cauchy  n~l=^|l{-         I.     These 

values  multiplied  by  10,000  are  given  in  column  six  of  the  table. 
To  show  more  exactly  the  order  of  magnitude  of  the  dispersion 
oi  erases  compared  with  that  of  other  well  known  bodies,  the  value 

Th     ^^  fh 

of  the  dispersive  power  —  has  been  computed  between  the 

rays  J^  and  ff  of  the  solar  spectrum.  For  air  the  result  is  *024, 
for  the  ordinary  ray  in  quartz  '032,  for  water  -040,  for  crown  glass 
•O'^R,  for  protoxide  of  nitrogen  ^053,  for  heavy  flint  glass  '69. — 
Comptes  jRendus^  \xxv\vv,  ^Vl  ^  ^1^.  e.  c.  p. 
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7.  Refraction  of  compressed  water, — Mascabt  has  combined  the 
apparatus  described  above,  with  that  employed  by  JamiD,  to  study 
interference  in  compressed  water.  The  two  tubes  were  about  two 
meters  in  length  and  the  pressure  in  one  was  kept  constant  while 
it  could  be  varied  at  will  in  the  other.  A  change  of  pressure  of 
one  meter  caused  about  70  bands  to  pass  an^  given  pomt,  so  that 
a  variation  of  one  or  two  mms.  was  perceptible. 

First,  he  proved  that  at  a  constant  temperature  the  ratio  of  the 
number  of  bands  passed,  to  the  change  of  pressure  is  not  propor- 
tional to  the  pressure  but  increases  slightly  witb  it.  At  15°  for  a 
change  of  one  meter  67*70  passed  when  the  mean  pressure  was  one 
meter,  and  68*52  when  it  was  3*30  meters.  It  seems  to  result  from 
this  that  the  compressibility  of  water  varies  more  rapidly  than  the 
pressure,  as  has  already  been  observed  for  other  liquids.  For  a 
temperature  of  5*5°  the  number  of  bands  was  71*85,  corresponding 
to  a  change  much  greater  than  that  resulting  from  the  experi- 
ments of  M.  Grass!.  The  same  effect  was  obtained  whether  the 
pressure  was  transmitted  by  a  column  of  water  or  a  mass  of  air. 
Assuming  the  laws  of  the  refractive  powers,  or  that  n*  —  1  is  pro- 
portional to  the  density,  the  compressibility  /^=i:*0000518.  As- 
suming that  n— 1  is  proportional  to  the  density  gives  /i'zz '000045 3. 
The  first  result  is  very  nearly  that  obtained  by  Jamin,  but  Grassi, 
by  direct  experiment,  founa  //=*0000471,  so  that  neither  hypo- 
thesb  seems  to  be  exact. 

The  extreme  delicacy  of  this  method  renders  it  possible  to  meas- 
ure the  disengagement  of  heat  produced  by  the  compression  of 
water,  or  rather  the  lowering  of  temperature  when  the  pressure  is 
suddenly  removed.  One  of  the  tubes  being  at  a  great  pressure,  a 
stopcocK  was  suddenly  opened  which  allowed  a  few  drops  to  escape 
and  instantly  reduced  the  pressure  to  that  of  the  atmosphere. 
During  this  time  a  great  number  of  bands  passed,  too  rapidly  to 
be  counted,  but  this  effect  ceased  suddenly  and  the  bauds  appeared 
immovable.  On  continuing  to  observe  them  for  some  time,  they 
were  seen  to  continue  to  move  slowly  in  the  same  direction,  owing 
to  the  gradual  return  of  the  liquid  to  the  temperature  of  the  sur- 
rounding medium.  At  16°  a  fall  of  pressure  of  4*38  meters  pro- 
duced iu  this  way  a  motion  of  1*9  bands;  hence  the  index  of 
refraction  had  diminished  '00000056.  From  the  experiments  of 
Gladstone  and  Dale  it  follows  that  this  corresponds  to  a  change  in 
temperature  of  *00110°.  A  computation  gives  a  result  '00109°. 
The  closeness  of  this  agreement  is  however  accidental,  as  the  posi- 
tion of  the  bands  could  only  be  determined  to  one-tenth. —  Comptes 
RenduSy  Ixxviii,  801.  k.  c.  p. 

8.  Maximum  of  density  of  water. — Prof  Mach  has  determined 
the  temperature  at  which  water  reaches  its  maximum  of  density 
to  be  +3'945°.  The  method  employed  was  that  of  Rumford,  sub- 
stituting for  thermometers  thermo-piles  which  give  more  promptly 
the  temperature  of  the  surrounding  medium. — /Voc.  Acad,  Vienna^ 
Les  MondeSy  506.  e.  c.  p. 

9.  The  Gaseous^  Liquid  and  Solid  States  of  Water-substance, — 
Prof.  J.  Thomson  recently  communicated  to  the  Royal  Soc\At.^  ^ 
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paper  on  the  preBsure  of  aqueous  vapor  from  ice  and  water.  Tak- 
ing into  consideration  the  three  states,  gaseous,  liquid  and  solid, 
when  any  two  are  present  together  the  pressure  and  temperatiire 
are  dependent  each  on  the  other,  so  that  when  one  is  given  the 
other  is  fixed.  Representing  the  pressures  by  ordinates  and  tem- 
peratures by  abscissas,  we  obtain  three  curves,  which  must  all  cross 
each  other  in  one  point,  the  freezing  point  in  vacuo,  or  rather  in 
the  presence  of  no  gas  but  its  own  vapor.  It  has  commonly  been 
assumed  that  the  curves  were  tangent  to  each  other  at  this  pomt, 
so  that  the  rate  of  increase  of  the  pressure  was  the  same  for  ice  as 
for  water.  By  the  principles  of  thermodynamics,  however,  Sir  Wm. 
Thomson  proved  tnat  these  cur\'es,  instead  of  being  tangent,  were 
inclined  at  an  angle  forming  a  salient  point  directed  upward,  the 
rate  of  increase  of  the  pressure  suddenly  diminishing  wnen  the  ice 
melted  and  then  slowly  increasing,  the  ratio  of  the  inclinations  in 
the  two  cases  being  1*13.  The  next  point  was  to  discuss  the  ob- 
servations of  Regnault,  which  was  done,  employing  both  his  en- 
graved curve  and  the  empirical  formulae,  and  these  also  it  is  claimed 
render  probable  the  presence  of  the  salient  point. — Nature^  392. 

K.  c.  p. 

EL  Geology  and  Natural  History. 

1.  GktcicU  phenomefia  in  Nicaragua, — Mr.  Thomas  Bklt,  in 
his  "  Naturalist  in  Nicaragua,"  published  in  London  early  the  pres- 
ent year,  describes,  as  follows,  Drift  deposits  in  the  valley  of  the 
l)ej)ilto,  one  of  the  head  streams  of  a  river  (Rio  Wanks  or  the 
Seixovian)  that  rises  among  the  highest  mountains  of  northern 
Niciiragua,  and  reaches  the  Atlantic  near  Cape  Gracias  a  Dios. 

"  (lomg  down  the  valley  of  the  Depilto  the  massive  beds  of 
quartz  and  p^neiss  are  soon  succeeded  by  overlying,  highly  inclined 
and  contorted  schists,  and,  as  far  as  where  the  road  troni  Ocotal  to 
Totat^jilpa  crosses  the  river,  the  exposures  of  bed  rock  were  inva- 
riably these  contorted  schists,  with  many  small  veins  of  quartz 
running  between  the  lamina3  of  the  rock.  On  the  banks  of  the 
river,  from  about  a  mile  below  Depillo,  unstratitied  beds  of  gravel 
are  exposed  in  numerous  natural  sections.  These  beds  deepen  as 
the  river  is  descended,  until  at  Ocotal  they  reach  a  thickness  of 
between  two  and  three  hundred  feet,  and  the  undulating  plain  on 
which  Ocotal  is  built  is  seen  in  sections  near  the  river  to  be  com- 
posed entirely  of  them.  These  unstratitied  deposits  consist  mostly 
of  quartz  sand,  with  numerous  angular  and  subangular  blocks 
of  quartz  and  talcose  sehist.  Many  of  the  bowlders  are  very  large, 
and  in  some  parts  great  numbers  have  been  accumulated  in  the  bed 
of  the  river  by  the  washing  away  of  the  smaller  stones  and  sand. 
Some  of  these  huge  boulders  were  fifteen  feet  across,  the  largest  of 
them  lying  in  the  bed  of  the  river  two  miles  below  Depilto.  Most 
of  them  were  of  the  Depilto  quartz  rock  and  gneiss,  and  I  saw 
many  in  the  unstratified  gravel  near  Ocotal  fully  eight  miles  from 
their  parent  rock.     N  ear  Ocotal  this  unstratified  formation  is  nearly 
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level,  excepting  where  worn  into  deep  gulches  by  the  existing 
streams,  llie  river  has  cut  through  to  a  depth  of  over  two  hun- 
dred feet,  and  there  are  long  precipices  of  it  on  both  sides,  similar 
to  those  near  streams  in  the  north  of  England  that  cut  through 
thick  beds  of  bowlder  clay.  The  evidences  of  glacial  action  be- 
tween Depilto  and  Ocotal  were,  with  one  exception,  as  clear  as  in 
any  Welsh  or  Highland  valley.  There  were  the  same  rounded  and 
smoothed  masses  of  rock,  the  same  moraine-like  accumulations  of 
unstratified  sand  and  gravel,  the  same  transported  bowlders  that 
could  be  traced  to  parent  rocks  several  miles  distant." 

*  *  ♦  "  The  transported  boulders,  near  Ocotal,  are  about  three 
thousand  feet  above  the  sea,  those  near  Libertad  about  two  thou- 
sand feet " 

Mr.  Belt  infers,  from  the  facts,  that  the  ice  of  the  Glacial  era 
stretched  on  uninterruptedly  from  the  northern  regions  of  North 
America  through  Central  America,  and  probably  over  South 
America.  But  observers  have  shown  that  the  glacial  phenomena 
occuning  on  a  grand  scale  about  the  higher  mountains  of  Califor- 
nia and  of  the  summit  region  of  the  Rocky  Mountains,  within  the 
United  States,  are  those  of  local  glaciers,  and  that  there  is  there 
no  northern  drift.  This  being  so,  it  is  certain  that  the  facts  de- 
scribed by  Mr.  Bent  indicate  the  existence  only  of  local  glaciers 
— those  of  the  mountains  of  northern  Nicaragua.  They  are  still 
of  very  great  interest,  as  they  give  a  much  more  southern  limit  in 
North  America  to  the  local  glaciers  of  the  Glacial  era  than  had 
been  before  suspected.  j.  d.  d. 

2.  Geological  Structure  of  the  Alps. — In  the  Geneva  Archives 
des  Sciences  (Biblioth^que  Universeile)  for  February,  M.  Chakles 
LoKT  explains  at  length  his  theory  in  regard  to  the  structure  of 
the  central  mass  of  the  Alps,  which  he  had  before  announced  in 
his  Description  giologique  de  Dauphini,  being  led  to  this  expo- 
sition of  his  views  because  of  his  having  been  criticized  by  Studer. 

The  great  facts  in  the  Alps  to  be  explained  are :  (1)  the  vertical, 
or  nearly  vertical,  divisional  planes  of  the  gneiss  and  granite,  with 
the  »(y<iB\ledfanr8tructure;  (2)  the  relative  position  of  the  secondary 
deposits  (Triassic  or  Jurassic)  lying  unconformably  upon  the  crys- 
talline rocks,  more  generally  horizontal,  as  in  the  Chamouni 
region ;  and  (8)  the  wedge-like  inclosures  of  these  strata  in  the 
gneiss  so  strikingly  exhibited  in  the  Bernese  Oberland. 

According  to  Studer,  the  gneiss  and  granite  are  properly  mas- 
sive, destitute  of  stratification,  the  vertical  jointings  having  been 
formed  subsequent  to  the  Jurassic  period,  and  in  some  cases  to  the 
Eocene.  Lory,  on  the  other  hand  adopts  the  view  of  De  Saussure 
that  the  crystalline  rocks  are  really  mctamorphic,  and  that  there 
is  a  true  stratification  of  sedimentary  origin,  although  it  is  not  to 
be  understood  that  the  divisional  planes  are  all  of  this  nature,  the 
structure  being  often  equivalent  to  that  observed  in  the  porphy- 
ritic  and  trappean  rocks.  The  gneiss  shows  the  stratification  dis- 
tinctly ;  the  granite  much  less  so— though  it  often  passes  into  the 
former  by  insensible  gradations,  and  thus  evinces  a  common  ori- 
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gin  with  the  gneiss;  at  the  same  time,  true  massive,  igneooB 
granites  are  also  to  be  found. 

That  the  stratification  of  the  gneiss  is  of  ver^  ancient  origin  ib 
clearly  seen  in  the  fact  that  bowlders  of  it,  with  the  same  stmo- 
ture,  are  often  met  with  in  the  conglomerates  of  the  Carboniferous, 
as  well  as  in  the  later  formations.  Further,  the  position  of  the 
anthracite  (Carboniferous)  beds  conformable  to  the  crystalline 
rocks  demonstrates  the  reality  of  the  stratification  of  the  gneiss. 

The  course  of  events,  according  to  M.  Lory,  was  this :  After 
the  deposition  of  the  Carboniferous,  and  before  that  of  the  Triaa, 
the  whole  complex  svstem  of  rocks  was  upturned  and  metamo^ 
phosed,  the  strata  bemg  thrown  into  a  generally  vertical  position ; 
then  followed  the  scanty  deposits  of  the  Triassic  and  Jurassic,  and 
then  further  mountain-making  movements.  The  older  rocks  at 
this  time  were  rigid  and  unyielding,  and  could  accommodate 
themselves  to  the  pressure  only  by  fracture  and  faulting,  the 
movements  taking  place  in  the  planes  of  stratification,  or  along 
horizontal  planes.  The  secondary  strata,  on  the  other  hand,  were 
comparatively  soft  and  pliable,  and  yielded  readily  to  the  acting 
force,  bending  and  folding  according  to  the  movements  of  the 
solid  rock  beneath,  and  mostly  without  fracture.  Thus,  while 
the  crystalline  rocks  were  broken  and  faulted  on  a  grand  scale, 
the  more  recent  strata  were  sometimes  left  horizontal,  sometimes 
pressed  in  between  the  others  so  as  to  seem  to  be  conformable,  or 
shoved  over  and  folded  upon  themselves  in  the  most  intricate 
manner. 

M.  Lory  describes  the  relations  of  the  rocks  of  the  Petite  Gorge 
of  Mt.  Saleve  as  an  illustration,  on  a  small  scale,  of  these  results 
produced  in  the  adaptation  of  an  upper  flexible  formation  to  the 
new  forms  of  a  rigid  one  below,  which  has  been  dislocated  by 
faults  or  fracture.  Besides  applying  this  principle  to  the  portions 
of  Switzerland  specially  studied  by  himself,  he  says  that  it  will 
also  suffice  to  explain  the  extreme  irregularities  observed  in  the 
Bernese  Oberland. 

On  the  Italian  side  of  the  Alps,  zones  of  the  crystalline  rocks  are 
found  which  are  still  nearly  horizontal,  and  which  consequently 
have  suffered  the  same  change  of  position  as  the  secondary  strata 
by  which  they  are  covered.  At  these  localities,  for  example,  at 
Susa,  or  Mont  Cenis,  we  find,  as  we  should  expect,  the  same  regu- 
larity of  arch  that  exists  in  the  Jura  Mountains. 

The  so-called  fan-structure  of  Mont  Blanc  and  the  St.  Gotthard 
is  connected  with  the  original  stratification,  it  having  been  pro- 
duced by  the  enormous  lateral  pressure,  which  was  greatest  below, 
and  hence  caused  there  a  convergence  of  the  divisional  planes, 
while  above,  where  the  compression  was  less  great,  there  was  a 
divergence.  The  effect  proauced  then  may  well  be  compared, 
as  the  writer  suggests,  to  a  sheaf  of  grain  tightly  knotted  at 
the  center.  £.  s.  d. 

3.  BiUUtin  of  the  United  States  Geological  and  Geographical 
Survey  of  the  Territories,    Department  of  the  Interior. — Bulletin 
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No.  2,  announced  on  page  236,  has  been  issued  more  than  a  month. 
After  papers  by  Cope,  referred  to  in  that  notice,  there  follows  one 
by  L.  Lesquereux  on  the  general  characters  and  relations  of  the  flora 
of  the  Dakota  Ghroup  of  the  Cretaceous,  The  genera  represented 
are  PterophyUum  (Cycad)  doubtful ;  LiquidamSar^  PopiUus^  Salix^ 
JFhguSy  ^etulay  Myrica,  Quercus^  FicuSj  PlatantiSy  Laurus^  ISassor 
fras^  (Jinnamomumy  Diospyros^  JLaurus,  Aralia,  Hedera^  Magno- 
liay  Liriodendron^  Menispermuniy  Paliurus,  Hhamnus,  JugUxns  or 
RhuSy  PrunuSy  nearly  all  of  which  now  exist  and  characterize  the 
North  American  flora.  *' Indeed,  all  the  essential  arborescent 
types  were  there  except  those  which  are  marked  by  serrate  or 
doubly  serrate  leaves,  as  THlia,  .^kculus^  the  serrate  Rosaceoe^ 
MamameliSy  Fro/xinuSj  the  Urticince,  Planera^' Ulmus^  Celtis,  Mo- 
ruSj  and  the  serrate  JBetida^  Alnus^  Ostrya,  CarpintiSj  CoryluSy 
Carya^  etc."  The  Dakota  species  are  marked  by  the  leaves  being 
entire  and  coriaceous,  excepting  a  ^'  peculiar  short  denticulation 
with  outside  turned  teeth,  as  in  Populttes  Haydenii^  P.  flaheUata^ 
PUUanus  Niswberryiy  Quercus  Mudgii.  The  flora  is  remarkable 
for  its  distinctness  from  that  of  the  Lignitic  beds,  and  also  for  the 
absence  of  any  European  species  of  the  same  age. 

The  closing  article  is  an  miportant  one  by  James  T.  Gardner  on 
the  Rocky  lUbuntain  ranges  in  Colorado. 

4.  The  Geological  ana  Natural  History  Survey  of  Minnesota, 
JTie  Second  Annual  Report^  for  the  year  1873;  by  N.  H.  Win- 
CHELL,  State  Geologist,  and  S.  F.  Peckham,  State  Chemist. — This 
Report  treats  at  length  of  the  distribution  of  peat  in  Minnesota, 
ana  of  the  modes  of  working  it,  and  also  gives  many  facts  on  the 
Cretaceous  and  other  geological  formations  of  the  State.  It  closes 
with  a  chapter  on  the  Economical  geolo^  of  the  Minnesota  Val- 
ley, in  which,  among  the  various  facts,  it  is  stated  that  the  Lignitic 
beds  of  the  Cretaceous  are  likely  to  afford  valuable  coal  mines. 

6.  Skeleton  of  a  Whale  in  the  Quaternary  of  New  Brunswick; 
by  D.  HoNBTMAN.  (Communicated.) — A  skeleton  of  Beluga  ver- 
tnontana  ^,  found  in  clay  of  the  Champlain  Period,  at  tfacguet 
River,  Dalhousie,  New  Brunswick,  has  been  presented  to  the  Pro- 
vincial Museum,  Halifax,  N.  S.,  by  Henry  Townsend,  Esq.  It  was 
found  in  a  cutting  of  the  International  Railway,  at  a  depth  of 
twelve  feet  six  inches,  at  a  distance  of  400  yards  from  the  sea  and 
twenty-five  feet  above  the  sea  level.  The  clay  attached  to  the 
vertebrae  contains  numerous  fragments  of  Balanus.  Dr.  Galpin 
will  describe  the  fossil  in  a  paper  to  be  read  before  the  Institute 
of  Natural  Science. 

6.  Note  on  Prof  Heer*s  7ieto  work  on  the  Jbhssil  Flora  of  the  Arc- 
tic ;  by  L.  Lesquereux.  (Communicated.) — I  have  received  from 
Prof.  Heer  a  most  interesting  pamphlet  on  the  Swedish  expeditions 
for  the  explorations  of  the  high  north.  In  this  paper  the  celebrated 
Professor  gives  first  an  abridged  narration  of  the  progress  and  cas- 
ualties of  these  explorations,  and  then  sums  up  in  a  masterly  man- 
ner the  results  obtained  for  vegetable  paleontology,  as  far  at  least 
as  they  were  recognized  from  a  preliminary  examination  of  an  im- 
mense amount  of  material  collected  and  sent  to  him. 
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From  the  Lower  Cretaceous  of  the  northern  side  of  Noursoak 
Peninsula,  and  in  a  bed  of  black  shale  overlying  the  gneiss  which 
forms  the  essential  bulk  of  the  land,  he  found  a  flora  of  sixty-eight 
species,  of  which  seventeen  belong  to  Conifers,  nine  to  Cycadeae, 
thirty-eight  to  Ferns,  three  to  Equisetacese,  and  only  one  to  the 
Dicotyledons,  this  a  peculiar  kind  of  Poplar.  On  the  south  side 
of  the  same  peninsula  near  Alanekerduk,  on  another  formation  of 
grayish  black  shale.  Professor  Nordenskidld,  Director  of  the  expe- 
dition, discovered  a  quantity  of  well  preserved  vegetable  remains 
at  a  higher  level  or  in  the  Upper  Cretaceous.  The  specimens  rep- 
resent sixty-two  species,  viz:  ten  Conifers,  among  them  a  JScUid^ 
riaj  found  with  leaves  and  fruits,  two  Cycadeae,  thirteen  species  of 
Ferns,  and  thirty-four  dicotyledonous  species,  distributed  in  sixteen 
families  and  eighteen  genera.  Among  these  he  mentions  leaves  of 
Ficus^  Saasitfraa^  UioapyroSy  Magnolia^  MgrtvSj  Jjegunnnosoe^  and 
remarks  that  some  of  the  species  are  known  already  from  the  Qua- 
dersandstein  of  Saxony,  Bohemia,  Moletin  (Moravia). 

Only  live  of  these  species — three  Ferns  and  two  Conifers — are 
identical  with  those  of  the  first  locality  or  the  Lower  Cretace- 
ous. Eight  hundred  feet  above  this  formation,  they  still  found 
strata  of  clay  and  sandstone  filled  with  a  prodigious  quantity  of 
remains  of  fossil  plants,  which,  according  to  Heer,  represent  a  flora 
of  the  lowest  Miocene;  among  them  he  identifies  one  hundred  and 
thirty-three  species,  fifty  of  which  are  also  found  in  the  Miocene 
of  Europe.  This  flora  is  totally  different  from  that  of  the  Creta- 
ceous of  the  same  country,  no  species  being  identical  This  Ter- 
tiary formation  is  covered,  like  the  whole  land,  by  immense  deposits 
of  lava. 

7.  Eozoon  Canadetise,  t/ie  supposed  fossil  of  the  Archcean, — In 
the  April  number  of  the  Annals  and  Magazine  of  Natural  History, 
a  reply  to  the  article  by  Mr.  Carter,  from  which,  on  page  437  of  this 
volume,  a  few  paragraphs  are  cited,  is  published  by  Dr.  Carpenter, 
who  states  that  his  specimens,  which  he  would  be  pleased  to  show 
to  all  interested,  fully  sustain  his  view.  In  the  May  number,  Mr. 
Carter  has  a  rejoinder,  repeating  his  conclusion,  based  on  his  ex- 
tensive knowledge  of  living  Kiiizopods.  The  latter  number  con- 
tains also  a  paper  by  Messrs.  King  and  Kowney,  repeating  their 
arguments  against  the  animality  of  the  Eozoon. 

8.  Manuel  de  Mineralogie ;  j^av  A.  Dks  Cloizeaux,  Membre 
de  rinstitut  de  France,  elc.  Tome  second.  Premier  Fasicule. 
208  pp.  8vo.  Paris,  1874.  (Dunod.) — Des  Cloizeaux's  Mineralogy 
is  made  up  largely  of  the  results  of  extended  personal  investiga- 
tions, especially  in  its  crystallography,  and  in  the  accounts  of  the 
optical  characters  of  minerals.  It  is  partly  for  this  reason  that 
twelve  years  have  elapsed  since  the  publication  of  the  first  volume 
of  his  very  valuable  work.  That  volume  was  occupied  with  the 
Silicates.  This  first  part  of  the  second  volume,  after  some  addi- 
tional notes  on  the  Silicates,  goes  on  with  the  species  in  the  follow- 
ing order:  (1)  those  containing  Boron  ;  (2)  Carbon,  the  coals, 
resins,  etc.,  included,  and  then  the  oxalates   and   carbonates;  (3) 
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Tttaniuh,  which  group  is  not  completed    This  new  part  contains 
pistes  uii  to  LXYin  inclusiye. 

9.  St/stem  of  Mineralogy  by  James  2>.  Dana, — ^The  5th  "  Sub- 
edition  •'  of  this  work  was  issued  by  Wiley  &  Son,  in  April,  1874. 
Each  "  subedition "  (or  issue  from  the  stereotype  plates)  embodies 
corrections  of  all  errors  discovered  in  the  work  up  to  its  date  of 
publication.  The  last,  in  addition  to  a  number  of  such  emenda- 
tions, also  has  the  Appendix,  by  Profl  Brush,  bound  up  with  the 
main  volume. 

10.  ^  Revision  qf  the  North  American  Chenopodiacece ;  by 
Sebeno  Watson.  Extracted  from  Proceedings  of  the  American 
Academy  of  Arts  and  Sciences,  vol  ix,  pp.  82-126. — The  Cheno- 
podiacece^  of  comparatively  small  extent  and  interest  in  the  Eaet- 
em  Atlantic  United  States,  increase  in  number  and  variety  west- 
ward, especially  in  the  dry  interior  portion  of  the  continent,  where 
they*  form  as  conspicuous  and  characteristic  a  feature  of  the  flora 
as  they  do  in  the  corresponding  region  of  Asia,  although  they  are 
not  so  very  numerous  in  species.  Our  lamented  chief,  I)r.  Torrey, 
made  them  a  favorite  study,  and  described  or  made  notes  upon 
many  of  our  species,  but  never  found  time  to  work  them  all  up 
systematically.  Mr.  Watson  has  lately  undertaken  this,  with 
much  spirit  and  assiduity ;  and  we  have  the  result  in  this  most 
conscientious  and  painstalang  monograph,  upon  the  same  model 
as  those  upon  Lupinus^  (Enothera^  &c.  The  species  are  neatly 
defined,  carefully  arranged,  and  very  consideraoly  increased  in 
number.  It  here  appears  that  we  have  17  genera,  of  which  two 
(SarcobcUius  and  Orayiay  the  Grease-woods  of  the  interior  desert- 
region)  are  the  most  peculiar,  and  82  species.  One  of  them,  Rovr 
bieva^  is  not  indigenous,  but  a  chance  introduction  from  South 
America.  Of  the  16  proper  genera,  all  with  indigenous  representa- 
tives, seven,  or  nearly  half,  are  common  to  the  Old  World,  but 
two  in  Asia  only.  Of  the  82  species,  8  are  introduced  (mostly 
species  of  Chenopodium  and  Rlitum) ;  of  the  74  indigenous  species 
only  9  are  common  to  the  Old  World.  The  natural  comparison 
is  with  the  Flora  Rossica,  in  which  39  genera  are  admitted  and 
1 84  species  Even  if  we  exclude  European  Russia,  there  is  still 
a  preponderance  of  Chenopodiacece  in  the  Old  World,  especially  in 
Asia.  Only  two  of  these  {Teloxys  and  Monolepis)  are  peculiar  to 
Asia  and  America,  and  (as  in  the  analogous  cases)  are  of  limited 
and  closely  allied  species.  Our  peculiar  genera  are  Sarcobatus  (here 
incorporated  without  question,  or  reference  to  Moquin's  exclusion 
of  it),  Aphanisma,  Cydoloma^  and  Orayia  (with  structure  newly 
and  oetter  described),  each  of  single  species;  all  but  the  first  with 
annular  embryo.  Of  Salsolece,  with  conical-spiral  embryo,  which 
largely  preponderate  in  Asia,  we  have  only  a  single  and  maritime 
Scdsoia^  of  world-wide  distribution,  while  the  Flora  Rossica  has 
24,  and  ten  genera  besides.  Of  the  flat-spiral  group,  besides  Sar- 
cobatus^  we  have  only  Suoida,  which  Mr.  Watson  has  brought  up 
to  seven  species ;  while  the  Flora  Rossica  counts  about  thrice  the 
number  of  genera  and  species.     Our  strength  is  in  AtripleXj  in- 
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eluding  Obione.  The  Flora  Rossica  describes  20  species.  But 
Mr.  Watson,  as  the  result  of  the  first  comprehensive  study  of  the 
materials,  has  brought  the  number  of  our  species  up  to  40.  That 
is,  if  we  exclude  the  introduced  weeds,  more  than  half  our  Cheno- 
podictcdB  belong  to  this  genus.  Copies  of  this  monograph  can  be 
had  from  the  American  Naturalist  Literary  Agency  at  Salem. 

A.   6. 

1 1.  Sarracenia  variolaris. — The  suggestion  in  a  recent  number 
of  this  Journal  (April,  1874,  p.  442),  Siat  the  pitchers  of  this  spe- 
cies and  the  way  in  which  insects  are  caught  in  them  should  be 
carefully  scrutinized  by  those  who  have  this  plant  within  their 
reach,  has  already  begun  to  be  acted  upon.  Dr.  J.  F.  Mellichamp, 
of  Blufilon,  South  Carolina,  an  excellent  observer,  has  already 
made  some  very  interesting  observations  upon  this  species,  which 
abounds  in  his  neighborhood,  and  has  there,  even  in  the  first  days 
of  May,  developed  some  of  its  pitchers.  His  observations  and 
experiments  will  no  doubt  be  continued  and  extended.  But  it 
may  be  well  to  record  at  once  some  results  to  which  his  first  obser- 
vations point,  as  communicated  in  a  private  letter, — which  are  sub- 
stantially as  follows. 

The  efficiency  of  the  tubular  leaves  of  S.  variolaris  and  the 
presence  of  the  sugary  secretion  within  the  rim,  as  stated  by  Dr. 
Macbride,  are  fully  confirmed.  The  sugary  secretion,  however, 
seldom  appears  until  the  leaf  is  pretty  well  grown.  This  is  also 
the  case  m  S,  flava.  It  bedews  tne  throat  au  the  way  round  the 
rim,  and  extends  downward  a  quarter  of  an  inch  or  more,  some- 
times three-quarters  of  an  inch.  Dr.  Mellichamp  also  informs  us 
— and  this  is  his  most  curious  discovery — that  this  sweet  secretion 
is  continued  externally  in  a  line  along  the  edge  of  the  wing  of 
the  pitchers  down  to  the  petiole  or  to  the  ground,  forming  a  hon- 
eyed trail  or  pathway  up  which  some  insects,  and  especially  ant*, 
travel  to  the  more  copious  feeding-ground  above,  whence  they  are 
precipitated  into  the  well  beneath.  Ants,  as  we  learn  from  other 
sources  also,  are  largely  accumulated  iu  these  pitchers.  As  to  the 
supposed  intoxicating  qualities  of  this  secretion.  Dr.  Mellichamp 
was  unable  to  find  any  evidence  of  it.  On  cutting  off  the  summit 
of  the  pitchers  and  exposing  them  freely  to  flies  in  his  house,  he 
found  that  the  insects  which  came  to  them,  and  fed  upon  the  sweot 
matter  with  avidity,  flew  away  after  sipping  their  fill,  to  all  appear- 
ance unharmed.  On  the  other  hand,  he  thinks  that  the  water)' 
liquid  in  which  the  insects  are  drowned  and  macerated  possess^ 
anaesthetic  properties ;  that  house-flies,  after  brief  immersion  in  it, 
and  when  permitted  to  walk  about  in  a  thin  layer  of  it,  "  were 
invariably  killed — as  at  first  supposed — or  at  any  rate  stupified 
or  paralyzed  in  from  half  a  minute  to  three  or  five  minutes,  but 
most  of  them  would  revive  very  gradually  in  the  course  of  an 
hour  or  so.  It  is  important  to  repeat  and  scrutinize  these  ex- 
periments. •  A.  G. 

12.  Joshua  Hoopes,  the  last  survivor  of  the  old  school  of  the 
Botanists  of  Chester  County,  Penn,,  of  which  Darlington  was 
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the  chief,  and  the  Flora  Cestrica  the  memorial,  died  on  the  11th 
of  May,  at  the  age  of  86  years. 

13.  Tuherbuilding  Amphipoda  ;  by  S.  L  Smith. — In  examining 
recently  an  alcoholic  specimen  of  a  species  of  Xenoclea^  I  no- 
ticed a  peculiar  opaque  glandular  structure  filling  a  large  portion 
of  the  third  and  fourth  pairs  of  thoracic  legs,  which  in  most,  if 
not  all,  the  non-tube-building  Amphipoda  are  wholly  occupied  by 
noiuscles.  A  further  examination  shows  that  the  terminal  segment 
(dactylus)  in  these  legs  is  not  acute  and  claw-like,  but  truncated  at 
the  tip  and  apparently  tubular.  In  this  species,  a  large  cylindrical 
portion  of  the  gland  lies  along  each  side  of  the  long  basal  segment, 
and  these  two  portions  uniting  at  the  distal  end  pass  through  the 
ischial  and  along  the  posterior  side  of  the  merai  and  carpal  seg- 
ments and  doubtless  connect  with  the  tubular  dactylus.  There 
can  be  no  doubt  that  these  are  the  glands  which  secrete  the  cement 
with  which  the  tubes  are  built,  and  that  these  two  pairs  of  legs 
are  specialized  for  that  purpose. 

A  hasty  examination  revealed  a  similar  structure  of  the  corre- 
sponding legs  in  Amphithoe  macukUay  Ptilocheima  pinguU^  Ceror 
pus  ruMcorniSy  Byblis  Gaimardi^  and  a  species  of  Ampelisca, 
In  all  these  except  the  last  two  a  very  large  proportion  of  the 
gland  is  in  the  basal  segment.  In  the  Amphithoe  this  segment  is 
thickened  and  the  gland  is  in  the  middle.  In  the  Cerapus  it  is 
very  broad  and  almost  entirely  filled  by  the  gland,  with  only  very 
slender  muscles  through  the  middle,  and  the  orifice  in  the  dactylus 
is  not  at  the  very  tip  but  sub-terminal  on  the  posterior  side.  In 
the  PtUocheirus  the  gland  forms  three  longituainal  masses  in  the 
basal  segment  and  is  also  largely  developed  in  the  meral  and  car- 
pal segments.  The  dactylus  is  long  and  slender  and  the  orifice 
sub-terminaL  In*  Ampelisca  and  Syblis  (which,  like  Haploops^ 
are  tube-building  genera)  the  meral  segments  of  the  specialized 
legs  are  nearly  as  large  as  the  basal  and  contain  a  proportionally 
large  part  of  the  gland.  In  these  genera  the  remarkalble  elonga- 
tion of  the  two  distal  segments  in  the  third  and  fourth  pairs  of 
legs  is  perhaps  a  special  adaptation  to  enable  them  to  reach  back 
over  the  deep  epimera. 

The  exammation  of  fresh  specimens  will  doubtless  show  these 
structures  much  more  fully. 

14.  On  a  New  Genus  of  Asellidce;  by  Oscar  Harger. — The 
presence  of  mandibular  palpi  has  been  hitherto  regarded  as  a 
character  of  the  family  of  AseUidoB^  and  is  thus  given  by  Dana 
(U.  S.  Exploring  Expeaition,  Crustacea,  p.  714),  and  by  Bate  and 
Westwooa,  in  tneir  late  work  on  British  Sessile-eyed  Crustacea, 
vol.  ii,  p.  313.  This  organ  is  present  and  well  developed  in  Jcera 
copiosa,  AseUodes  aUa^  and  JLimnoria  Hynorum,  marine  species  of 
this  family  found  on  the  coast  of  New  England.  It  has  been  care- 
fully figured  by  G.  O.  Sars  (Hist.  Nat.  des  Crustac^s  d'eau  Douce 
de  Norv^ge,  I®  livf.  pi.  vin)  for  Asellus  aquaticus  and  occurs  in 
A,  communis  Say  as  well  developed  as  in  the  European  species, 
but  in  A.  tenax  Smith,  from  Lake  Superior,  it  is  wanting.     This . 
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specieB  seems  to  be  in  all  other  respects  closely  related  to  the 
genus  AseUus^  differing  from  other  species  of  that  genus  by  char- 
acters of  specific  value  only.  The  most  noticeable  of  these  differ- 
ences are  the  following :  the  antennulsB  have  the  third  segment  of 
the  peduncle  small,  short  and  similar  to  those  of  the  flaeellum; 
the  ocelli  are  numerous  as  in  A.  communis ;  the  appendages  of 
the  first  abdominal  segment  in  the  females  are  sub<]^uaarant-shaped, 
meeting  each  other  along  the  median  line,  much  as  in  ^.  convmxmi^ 
instead  of  subcircular  and  overlapping  as  in  ^1.  amKUieus.  The 
caudal  stylets  resemble  those  of  A.  (tquaticus^  as  do  also  ihe  feet 
and  the  mouth  parts,  except  in  the  absence  of  the  mandibular 
palpi,  and  on  this  character  I  propose  for  the  species  the  new 
generic  name  of  AseUopsis. —  Communicated  hy  the  Author, 

15.  Floridan  Bryozoa^  collected  by  Count  L,  F.  de  Powriala, 
described  by  F.  A.  SBirrr.  Part  I,  20  pp.  4to,  witiii  5  platen 
Part  II,  84  pp.  4to,  with  13  plates.  Transactions  of  the  Koyal 
Swedish  Academy,  Stockholm,  1873. — Mr.  Smitt  has  no  superior  in 
the  department  of  the  Bryozoa.  He  describes  with  fullness  a  larse 
number  of  species,  and  presents  enlarged  figures  of  them  in  the 
plates.  After  giving  a  table  of  the  depths  at  which  the  species 
occur  in  Florida  seas,  and  their  distribution  also  in  other  seas,  he 
observes  that  the  deeper  waters  contain  either  very  old  species,  or 
those  having  a  wide  geographical  distribution  and  especiaUy  Arctic 
or  Antarctic  relations.  A  few  of  these  Bryozoa  are  identical  with 
Cretaceous  species  and  a  larger  number  with  Tertiary. 

16.  Report  upon  the  Invertebrate  Animate  of  Vineyard  Sound 
and  adjacent  waters^  with  an  account  of  the  Physical  JFkcftures  of 
the  region;  by  A.  E.  Verrill  and  S.  L  Smith.  8vo,  476  pp.  and 
38  plates. — This  work  is  extracted  from  the  report  of  the  U.  S. 
Fish  Commission,  noticed  beyond,  with  separate  paging.  It  is 
accompanied  by  a  special  index  and  table  of  contents,  and  includes 
the  following  papers :  A,  Habits  and  distribution  of  the  inverte- 
brate animals  of  southern  New  England  and  New  York,  with 
special  reference  to  their  stations,  mode  of  occurrence,  as  depend- 
ing upon  the  temperature  and  composition  of  the  water,  character 
of  the  bottoms  and  shores,  etc. ;  B,  Food  of  fishes,  or  lists  of  spe- 
cies found  in  the  stomachs  of  various  fishes ;  C,  Habits  and  meta- 
morphoses of  the  lobster  and  other  crustaceans  fby  S.  L  Smith) ; 
D,  Systematic  catalogue  of  the  invertebrates  of  southern  New 
England  and  adjacent  waters,  with  their  synonomy,  geographical 
and  geological  distribution,  and  descriptions  of  numerous  new 
species.     The  total  number  of  species  enumerated  is  about  725, 

got  including  the  free  Entomostraca,  Infusoria  and  Foraminifera). 
etailed  accounts  are  given  of  those  species  which  are  directly 
injurious  or  beneficial  to  man,  such  as  the  oyster,  clams.  Teredos  or 
" ship- worms,"  "drills,"  star-fishes,  lobsters,  crabs,  etc.  The  38 
plates  include  about  300  figures,  illustrating  many  of  the  more 
important  species  belonging  to  nearly  every  class.  This  work  will 
be  indispensable  to  every  person  engaged  in  studying  or  collecting 
the  marine  animals  of  our  coast,  and  will  afford  great  assistance 
•to  the  numerous  sludeiiXA  ^\io  V\&\\.\>Va  «e9r«hore  in  summer. 
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17.  ^Field  Omithology,  comprising  a  manual  for  procuring^  pre- 
ring^  and  preserving  birdSy  and  a  cheek-list  of  North  American 
'ds  ;  by  Dr.  Elliott  Coues,  U.  S.  A.  Salem,  Mass.,  Naturalists' 
rency,  1874. — The  scope  of  this  work  is  clearly  indicated  by  the 
le.  It  contains  a  large  amount  of  useful  information  for  those 
gaged  in  the  study  of  ornithology.  The  directions  are  very  full 
a  clearly  expressed,  and  the  advice  in  regard  to  a  great  variety 
matters  connected  with  the  subject  of  bird-collecting  is  sensible, 
d  will  prove  of  great  value  to  those  beginning  the  study.  The 
putation  of  the  author  as  one  of  our  most  accomplished  ornith- 
)eists  is  a  sufScient  guaranty  for  the  excellence  and  reliability 
the  work.  The  check-list  of  birds  is  brought  down  to  the  latest 
Ksoveries  in  American  ornithology.  v. 

ni.   Astronomy. 

1.  JVew  Comets. — Two  new  comets  have  been  discovered  this 
ar,  besides  that  by  Winnecke,  Feb.  20th  (this  Jounial,  p.  446), 
K :  one  by  Winnecke,  April  11th,  and  one  by  Coggia,  April  1 7th. 

2.  Inclinations  of  the  orbits  of  periodic  comets.— In  connection 
th  the  important  observations  by  Pro£  Wright,  in  the  last  num- 
r  of  this  Journal,  upon  the  polarization  of  the  Zodiacal  Light,  and 
I  deductions  therefrom,  tne  question  naturally  arises  whether 
sre  is  any  constant  action  of  the  perturbing  forces  of  the  planets 
iding  to  draw  the  meteoroids  into  orbits  of  small  inclination  to 
e  plane  of  the  solar  system.  The  fact  that  the  orbits  of  most  of 
e  periodic  comets  have  a  small  inclination  (counting  from  0^  to 

0  )  is  sufficiently  striking  to  stimulate  inquiry  in  this  direction, 
le  additional  fact  that  several  of  these  orbits  are  now  inclined  at 
imaller  angle  to  the  ecliptic  than  when  first  discovered,  and  that 
ne  have  essentially  larger  inclinations,  also  suggests  the  possibil- 
'  of  some  such  law  of  action.  I  have  not  been  able,  however, 
a  partial  examination  of  the  subject,  to  detect  in  the  perturbing 
iction,  any  evidence  of  such  constant  forces,  h.  a.  y. 

3.  Cordoba  Observatory. — We  have  received  a  letter  from  Dr. 
Uack  of  Cordoba,  replying  to  Dr.  B.  A.  Gould's  letter,  pub- 
hed  in  this  Journal,  voL  vi,  p.  399 ;  it  is  endorsed  by  five  of  the 
3fe8sor8  of  the  University.  We  do  not  publish  it,  since,  what- 
er  may  be  said  of  some  points  connected  with  the  subject.  Dr. 
Hack  violated  the  law  and  usage  of  all  observatories  iti  publish- 

1  results  obtained  while  under  the  employ  of  the  Obsei-vatory, 
thout  the  knowledge  or  approval  of  its  Director. — Eds. 

IV.   Miscellaneous  Scientific  Intelligence. 

1.  National  Academy  of  Sciences. — ^The  following  is  a  list  of 
e  papers  presented  to  the  Academy  at  its  session  in  April,  1874. 

)n  the  claasificatioii  of  the  Rjnchophorous  series  of  Coleoptera;  J.  L.  LeOoute. 
Results  of  a  series  of  experiments  on  the  sets,  or  residual  deflections  of  pine 
^s  after  having  been  subjected  to  a  transverse  stress ;  W.  A.  Norton. 
>>mbination8  of  Mechanism  imitating  mental  processes ;  Fairman  Rogers. 
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On  the  Tidise  of  Tahiti ;  Wm.  FerrelL 

On  the  Laws  of  Gydonee ;  WnL  FerrelL 

On  the  pretended  localization  of  the  mental  and  the  senaorial  &otiltiee  of  the 
brain;  C.  E.  Brown-Sequard. 

Biog^phical  Memoir  of  Henry  James  Clark ;  A.  8.  Packardf  Jr. 

Suggestions  as  to  the  functions  of  Spiral  Scale  of  the  Oochlea,  leading  to  an 
hypothesis  of  the  mechanism  of  audition ;  A.  M.  Majer. 

The  law  of  the  duration  of  the  residual  sonorous  sensation ;  A.  M.  Mayer. 

Experiments  on  the  reflection  of  Sound  from  flames  and  heated  gases ;  A.  IC 
Mayer. 

The  progress  made  in  the  Survey  of  the  Colorado  Biyer  of  the  west  and  its 
tributaries,  by  parties  under  the  direction  of  the  Secretary  of  the  Smithsonian 
Institution ;  J.  W.  PowelL 

An  outline  of  the  history  and  operations  of  the  U.  S.  (Geological  Surrey  of  the 
Territories,  with  some  account  of  its  results ;  F.  Y.  Hayden. 

The  geographical  distribution  of  the  lagnitic  group  of  the  northwest,  with  some 
remarks  in  regard  to  its  age ;  F.  Y.  Hayden. 

Mineralogi(»l  notes ;  B.  Silliman. 

The  history  of  Smith  Sound  in  a  geographical  and  geological  point  of  view,  and 
some  other  general  results  of  the  Polaris  Expedition ;  E.  Bessels. 

On  metamerism  in  inorganic  chemistry ;  Wolcott  Gibbs. 

On  the  Polarization  of  the  Zodiacal  light ;  A.  W.  Wright. 

Account  of  the  proceedings  of  the  Commission  for  observing  the  Transit  of 
Yenus ;  A.  Newcomb. 

On  some  points  in  Mallefs  theory  of  Yulcanicity;  E.  W.  Hilgard. 

Report  on  the  Great  Telescope  of  the  U.  S.  N.  Observatory ;  S.  Newoomb. 

Some  results  of  an  examination  of  the  U.  S.  Weather  Maps  for  the  years  1872 
and  '73 ;  E.  Loomis. 

On  a  small  correction  of  the  Yelocity  of  Light,  as  deduced  from  experiments ; 
S.  Alexander. 

On  certain  phenomena  sometimes  presented  by  three  of  the  Satellites  of  Jupiter ; 
S.  Alexander. 

On  the  Zodiacal  Light ;  S.  Alexander. 

Biographical  Memoir  of  James  H.  Coffin ;  A.  Guyot. 

On  the  so-called  land-plants  of  the  Lower  Silurian  of  Ohio ;  J.  S.  Newberry. 

A  criticism  on  the  oontractional  hypothesis  of  the  earth's  surface  changes ;  C. 
Dutton. 

A  new  set  of  Bemouilli's  Numbers ;  James  D.  Warner. 

2.  American  Association  for  the  Advancement  of  Science, — 
The  Twenty-third  meeting  of  the  Association  will  be  held  at  Hart- 
ford, Connecticut,  commencing  at  10  o'clock,  a.  m.,  on  Wednesday, 
the  12th  day  of  August,  1874.  Dr.  L.  LeConte  is  the  President 
of  the  year.  Prof.  C.  S.  Lyman,  Vice  President,  Mr.  F.  W.  Put- 
nam of  Salem,  Mass.,  Permanent  Secretary.  The  headquarters  of 
the  Association  will  be  at  the  State  House,  where  members  will 
report  immediately  on  arrival. 

At  an  early  date,  the  Local  Committee  will  issue  their  circular  to 
members  of  the  Association,  giving  details  relating  to  tlie  arrange- 
ments made  for  the  accommodation  of  members  while  in  Hartford, 
and  such  other  information  as  may  be  of  interest  to  those  intend- 
ing to  be  present  at  the  meeting,  including  any  facilities  offered 
by  the  railroads,  etc. 

In  order  to  receive  the  circular  of  the  Local  Committee  without 
fail,  it  is  desired  that  all  members  now  planning  to  attend  the 
meeting  should  send  their  addresses  to  Rev.  W.  L.  Gage,  Secre- 
tary of  the  I^ocal  Committed^  Hartford,  Ct. 

Jlembers  must  furmsh  the  Permanent  Secretary  with  complete 
titles  of  all  the  papers  tkie^  pio^o^^  \.o  y^^^^^^^  ^>;\r«i^  the  meeting, 
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rith  au  estimate  of  the  time  reqaired  for  reading  each  paper. 
Hach  title  must  be  given  on  a  separate  slip  of  paper,  with  the  full 
ame  of  the  author.  The  titles  must  be  liimished  to  the  Perma- 
lent  Secretary,  when  practicable,  before  the  day  appointed  for  the 
Association  to  convene. 

The  volumes  of  the  Proceedings  of  the  Association  (22  in  num- 
ber) can  be  obtained  from  the  Permanent  Secretary,  at  the  price 
f  $1.50  a  volume;  any  member  wishing  for  ten  or  more  volumes, 
Q  order  to  complete  a  set,  may  obtain  them  at  $1.00  a  volume. 

3.  The  Constants  of  Nature — Smithsonian  Miscellaneous  Con- 
ribiUions  (255).  Fart  I^  Specific  Gravities;  Boiling  and  Melt- 
ng  points  ;  and  Chemical  formtUce.  Compiled  by  Frank  Wig- 
LKS WORTH  Clarke,  S.  B.  203  pp.  8vo.  Washington  :  Smith- 
onian  Institution. — Whoever  has  the  patience  and  assiduity  to 
ompile  in  a  careful  and  systematic  manner  such  data  as  form  the 
taple  of  this  volume  of  "  Constants,"  performs  a  service  for  which 
le  merits  and  will  receive  the  sincere  thanks  of  all  who  find  occa- 
ion  to  use  the  result  of  his  labors.  Prof  Clarke  introduces  his 
rork  with  a  list  of  the  more  important  of  the  papers  used  in  com- 
piling these  tables,  to  the  number  of  86  titles.  The  number  of 
listinct  bodies,  the  constants  of  which  are  given  in  the  tables,  is 
572,  and  there  are  over  5000  determinations  of  specific  gravity,  and 
aore  than  2000  determinations  of  the  boiling  point.  The  substances 
ited  are  classified  in  a  sufficiently  systematic  manner,  under  61 
eparate  heads,  and  references  are  farther  facilitated  by  a  copious 
Iphabetical  index,  covering  23  closely  printed  pages  in  triple  col- 
imns.  Prof  Henry,  as  Secretary  of  the  Smithsonian,  has  lately 
ssued  a  circular  calling  on  investigators  and  observers  to  send  in 
,ny  data  of  their  own  determinations  of  similar  constants,  with 
,  view  to  the  compilation  of  similar  works  in  other  departments 
»f  physical  research.  b.  s. 

4.  jrifth  Annual  Report  of  the  State  Board  of  Health  of 
yfassacmisetts,  550  pp.  8vo.  Boston,  1874. — This  Report  con- 
ains,  among  others,  a  valuable  paper  by  Prof  W.  R.  Nichols  on 
he  present  condition  of  certain  rivers  of  Massachusetts,  together 
nth  considerations  touching  the  waternsupply  of  towns.  This 
laborate  paper  contains  the  results  of  over  450  chemical  analyses, 
aade  daily  upon  the  chief  rivers  and  lakes,  and  on  sources  of  water- 
upply  in  eastern  Massachusetts,  which  present  the  ammonia,  "  al- 
buminoid ammonia,"  inorganic  and  organic  or  volatile  solid  con- 
tituents,  both  from  the  unfiltered  and  the  filtered  waters,  the 
hlorine  and  in  some  cases  the  lime,  magnesia,  silica,  sulphuric  acid, 
tc.  It  is  noteworthy  that  the  bulk  of  this  analytical  work  was 
performed  by  a  lady.  Miss  Ellen  H.  Swallow,  A.  M.,in  the  labora- 
ory  of  the  Massachusetts  Institute  of  Technology,  where  Prof. 
Nichols  is  in  charge.  The  questions  of  contamination  by  sewage  and 
he  work  of  manufactures,  dilution,  filtration,  etc.,  are  all  carefully 
onsidered  from  experimental  data.  Another  paper  of  chemical 
s  well  as  hygienic  interest  is  that  on  "The  use  of  zinked  or  gal- 
anized  iron,  for  the  storage  and  conveyance  of  drinking  water," 
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by  Dr.  W.  W.  Rodman  of  Boston,  whose  researches  sustain  the  con- 
clusion that  the  small  amount  of  zinc,  dissolved  in  drinking  water, 
passing  through  zinked  pipes,  is  without  injury  to  health,  which  is 
much  more  than  can  be  truly  said  of  lead.  The  hygienic  and  san- 
itary papers  in  this  yolume,  under  the  editorship  of  Dr.  G^rge 
Derby,  are  of  permanent  value.  a  s. 

5.  Report  on  the  Condition  of  the  Sea  Msheries  on  the  South 
Coiut  of  New  Eiigland  in  1871  and  1872 ;  by  Spencbb  F.  Baibd, 
Commissioner.  With  supplementary  papers.  Washington,  ]  873-4. 
8vo,  899  pages,  with  38  mates  and  3  maps. — ^This  is  the  first  vol- 
nme  published  by  the  U.  S.  Commission  of  Fish  and  Fisheries. 
It  contains  a  report  of  the  Commissioner  concerning  the  general 
character  and  progress  of  the  investigations,  with  a  summary  of 
results  and  discussions  of  the  condition  of  the  fisheries ;  a  large 
amount  of  testimony  taken  in  1871  and  1872  in  reference  to  the 
present  and  past  condition  of  the  fisheries;  reports  of  varioos 
State  Commissioners ;  arguments  for  and  against  protective  laws; 
and  various  other  interesting  papers  relating  to  the  fisheries  of 
America  and  Europe ;  statistics  of  the  fisheries  of  southern  New 
England;  natural  history  of  some  of  the  most  important  food- 
fishes,  including  the  blue-fish  and  scup ;  description  of  the  appa- 
ratus used  in  capturing  fish  on  the  sea-coast  and  lakes  of  the 
United  States,  with  a  list  of  the  U.  S.  patents  granted  for  the 
invention  of  apparatus  used  in  the  fisheries;  catalogue  of  the 
marine  Algae  of  southern  New  England,  by  Dr.  W.  G.  Farlow ; 
report  upon  the  invertebrate  animals  of  Vineyard  Sound  and  ad- 
jacent waters,  with  an  account  of  the  physical  characters  of  the 
region,  etc.,  by  Prof.  A,  E.  Verrill,  with  accompanying  papers  on 
Crustacea,  by  Mr.  S.  I.  Smith ;  catalogue  of  the  fisnes  of  the  east 
coast  of  North  America,  by  Prof.  Theodore  Gill;  list  of  fishes 
collected  at  Wood's  Hole,  by  Prof  S.  F,  Baird ;  and  a  table  of  the 
temperatures  of  the  water  at  Wood's  Hole  during  the  year  1873. 

From  this  condensed  summary  of  the  contents,  some  idea  may 
be  obtained  of  the  great  amount  and  variety  of  the  information 
brought  together  in  this  volume,  which  will  mark  a  new  era  in  the 
history  of  our  fisheries,  if  not  in  the  general  study  of  our  marine 
zoSlogy.  Although  most  of  this  volume  was  printed  early  in  1873, 
it  was  not  generally  distributed  until  April,  1874.  It  is  furnished 
with  copious  indexes  and  tables  of  contents,  and  is  illustrated  by 
over  300  figures. 

6.  Centennial  of  (Jhemistrt/,  1774-1874. — A  proposition  has 
been  made  by  Dr.  H.  Carrington  Bolton,  in  a  letter  in  the  "  Ameri- 
can Chemist  '  for  April,  that  American  chemists  should  meet  on 
the  1st  of  August,  1874,  at  some  pleasant  watering-place,  to  make 
special  recognition  of  the  year  1774,  rendered  memorable  by  so 
many  important  discoveries  in  chemical  science,  and  especially  by 
the  discovery  of  oxygen  by  Priestley,  on  the  first  day  of  August, 
1774.  Such  a  reunion  as  that  proposed  would  offer  many  pleasant 
features  of  attraction,  and  an  opportunity  to  discuss  interestuig 
chemical  topics,  and  review  the  wonderful  progress  made  in  the 
past  century. 
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Dr.  Bolton's  proposition  is  approved  by  the  Editor  of  the  Ameri- 
m  Chemist  (N.  i .),  who  invites  from  others  an  expression  of 
leir  views,  that  the  project  may  be  at  once  pnt  into  a  practical 
\TVEL  in  time  for  the  season  proposed.  Why  not  make  this  chemi- 
il  reunion  a  prominent  feature  of  the  August  meeting  of  the 
.ssociation  for  the  Advancement  of  Science  at  Hartford  ?  b.  s. 

7.  ObservcUians  on  the  Oenus  Unio^  etc.y  by  Isaac  Lea,  LL.D. 
oL  XIIL — ^Dr.  Lea  has  here  added  another  volume  to  his  large 
ork  on  the  Unionidae.  It  is  illustrated  by  22  beautiful  litho- 
raphic  plates  representing  the  species  described.  The  volume 
>n8ists  of  two  papers  read  before  the  Academy  of  Natural  Sci- 
ices  of  Philadelphia ;  one,  on  fifly-two  species  of  Unionidse,  read 
L  September,  1873 ;  the  second,  a  Supplement,  on  fifteen  species, 
»ad  February,  1874. 

Dr.  Lea  has  also  issued  recently  a  pamphlet  of  24  pages,  contain 
ig  papers  from  the  Proceedings  of  the  same  Academ:^,  read 
uring  the  five  years  past,  five  of  them  on  new  species  of  CTnionidee, 
ae  on  species  of  several  genera  of  freshwater  shells,  and  two  on 
dcroscopic  crystals  in  some  minerals.  These  two  last  are  illus- 
"ated  by  a  plate.  The  minerals  examined  were  garnets,  asteriated 
ipphire,  labradorite,  a  black  feldspar,  barite,  amethyst,  ruby. 

8.  JBiartt  on  the  Geology  and  Physical  Geography  of  the 
tOwer  Amazons,  (Bull.  Buffalo  Soc.  Nat,  Sci,  No.  4,  vol.  L) — Pro- 
»B8or  Hartt's  paper  gives  new  information  on  the  features  and 
eology  of  the  Lower  Amazons.  In  the  Erer6  district  he  obtained 
arious  Devonian  fossils,  and  determined  the  beds  of  the^reat  plain 
orth  of  the  Serra  of  Erer6,  to  be  of  Devonian  age.  The  fossils, 
scording  to  R.  Rathbun,  who  made  careful  comparisons  with  Pro- 
MMor  Hall's  specimens  at  Albany,  include  Rhynchonella  dotis  f 
[all,  IVopidoteptus  carinatus  Conrad,  Vitulina  pustulosa  Hall, 
yiscina  Lodensis  Hall,  Lingula  spattdata  Hall,  besides  new  spe- 
ies  of  Spirifer^  Terebroitula^  Retziay  Rhynchonella^  tStreptorhyn- 
Vfi«,  Chonetes^  and  Zdngtda,  Part  of  the  species  are  identical 
dth  New  York  Hamilton  fossils. 

9.  On  Ocean  Currents. — Professor  James  Croll,  of  the  Geo- 
>gical  Survey  of  Scotland,  has  published  Part  HI  of  his  series  of 
apers  on  Ocean  Currents  in  the  Philosophical  Magazine  for  Feb- 
lary.     It  treats  of  the  Physical  Cause  oi  Ocean  Currents, 

10.  Annucd  R^oortofthe  Trustees  of  the  Museum  of  Compara- 
ve  Zoology  at  Harvard  College  in  Cambridge^  together  with  the 
leport  of  the  Committee  of  the  Museum  for  1873.  30  pp.  8vo. 
k>ston.  1874. — In  an  Appendix  to  these  Reports,  it  is  stated  that 
lie  sums  subscribed  for  the  Museum,  in  addition  to  the  regular 
icome,  in  1872  and  1873,  amount  to  $175,909.61,  and  that, 
f  this  sum,  about  $18,000  were  given  by  Alexander  Agassiz  for 
ublications,  etc.,  $16,252  by  Alexander  Agassiz  and  Quincey  A. 
haw,  and  $100,000  by  Quincey  A.  Shaw.  Of  the  remainder, 
5,000  were  subscribed  by  Mrs.  G.  H.  Shaw,  $2,000  by  Mr.  M. 
trimmer,  $4,060  by  former  pupils  of  Prof.  Agassiz's  Young 
«adies'  School,  $5,500  by  a  "  friend,"  and  $26,000  was  a  grant 
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^m  the  State,  conditional  on  the  same  amount  being  raieed  by 
the  Museum. 

11.  Bulletin  of  the  Minnesota  Academy  of  Natural  Sciences, 
for  1874.  Minneapolis,  1874.  (Price  60  cents.)— Amone^  the  arti- 
cles in  this  Bulletin,  there  are:  a  Report  on  the  Birds  of  idinnesota, 
by  P.  L.  Hatch,  M.D. ;  List  of  the  Mammals  of  Minnesota,  by  A.  R 
Xmes,  M.D. ;  and  Geological  Notes  from  early  explorers  in  the 
Minnesota  Valley,  by  N.  H.  Winchell,  an  important  paper  contain- 
ing facts  bearing  on  the  distribution  of  the  Archaean  m  that  region. 

1 2.  Errata  to  papers  in  this  volume  by  Professor  VerrUl: 

Page  39,  line  45,  for  Ophiocnida  hitpidOy  read  Ophiacaniha  jpmuItMo.  Page  138, 
last  line,  for  Vroaaiphinx^  read  Uroealpinx.  Page  413,  next  to  last  line,  for  Phakt' 
reBia,  read  PhakdlkL 

OBITUARY. 

Professor  Jopx  Phillips,  Professor  of  Geology  in  the  Univer- 
sity of  Oxford,  and  eminent  for  his  labors  and  works  connected 
with  his  favorite  science,  died  on  the  24th  of  April 

The  death  of  Mr.  Phillips  was  the  result  oi  an  accident.  On 
the  2dd  of  April  he  had  oeen  dining  at  All  Soul's  College,  and 
was  returning,  accompanied  by  the  Principal  of  Jesus  College, 
when,  in  crossing  the  top  of  a  staircase,  his  foot  unhappily  slipped 
and  he  fell  headlong  down  a  flight  of  stone  stairs.  Paralysis  and 
unconscioasness  came  on  instantly,  and  about  one  o'clock  on  the 
24th  he  expired.     He  was  just  seventy-three  years  of  age. 

Lefl  an  orphan  at  eight  years  old  to  the  care  of  his  uncle, 
William  Smith,  well  known  as  "  the  father  of  English  Geologv," 
he  was  as  one  may  say  "  to  the  hammer  born."  His  connection 
with  the  Yorkshire  Philosophical  Society  dates  back  to  is 26,  and 
with  the  British  Association  from  its  establishment  in  1831  ;  in- 
deed, "  he  was  the  life  and  soul  of  its  annual  reuniona" —  Gtol. 
Mag.  for  May, 

JoiiANx  Hkinrich  vox  Madler,  the  astronomer,  and  author, 
with  Heer,  of  "  Der  Mond"  and  the  accompanying  "  Mappa  Sele- 
nographica,"  died  at  Hanover  on  the  14th  of  March,  having  been 
born  at  Berlin  on  the  29th  of  May,  1794.  In  1840  he  became 
Professor  of  Astronomy  at  the  University  of  Doq>at,  and  Director 
of  the  Observatory,  as  successor  to  W.  Struve. 

Mineralogisches  Lexicon  fur  das  KoDigreich  Sachsen,  von  Aug^t  Frenzel.  380 
pp.  1 2mo.  Leipzig,  1874.  (W.  Engelmann.) — Saxonj  is  a  land  of  mines  and  miner* 
als,  and  this  little  volume  is  a  convenient  work  on  its  mineralogy. 

Report  on  the  Department  of  Mines  of  Nova  Scotia  for  the  year  1S73.  8S  pp. 
8vo.     Halifax,  N.  S.,  1874. 

Annual  Report  upon  the  Survey  of  the  Northern  and  Northwestern  Lakes,  in 
charge  of  C.  B.  Comstock,  Major  of  Engineers,  U.  S.  A.,  being  Appendix  BR  of 
the  Annual  Report  of  the  Chief  of  Engineers  for  1873. 

PalcBontologiea  Indica. — Series  viii,  3,  4,  5,  Cretaceous  Fauna  of  Southern 
India,  Vol  iv,  3,  contains  the  Echinodermata,  by  F.  Stoliczka;  Vol.  iv,  4,  con- 
tains the  Corals  or  Anthozoa,  with  notes  on  the  Sponges,  Foramimfera,  Anthozoa, 
by  F.  Stoliczka.  Series  ix,  1,  Jurassic  Fauna  of  Eutch,  VoL  i,  1,  contains  the 
Ceplialopoda  (Belemnitids  and  Nautilidee),  by  William  Waagen. 

There  have  also  appeared  the  Memoirs  of  the  Geological  Survey  of  India^  YoL  x, 
part  1,  containing  the  Geology  of  Madras,  by  R.  B.  Foote,  and  of  the  Satpun 
Coal  Basiiif  by  H.  B.  ^ed\icoU\  «2Lao  ^2!aft  Record*, '^qV  -^  y^taia  1,  2,  3,  and  4. 
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'    aachsen,  noticed,  166,  519. 
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Q«ological  Report,  Ganada,  noticed,  61 7. 1, Glass,  flint,  change  in  magnetic  condition 


Illinois,  fossils  figured  in,  189, 

369,  446,  484,  530,  680. 
Minnesota,  597. 
Missouri,  61,  237. 
New  Jersey,  518. 
Queretaro,  Mexico,  617. 
Territories,  236. 
Geological  Surrey,  Missouri,  61. 
Territories,  165,  236. 
Texas,  618. 
Wheeler's,  388. 
GiOLoeT — 

Alps,  structure  of,  595. 
Anomphalus  Meeld,  Bradley,  151. 
Brontotherids,  JforWk,  81. 
Cascade  Mts.,  LeOorUe,  167,  259. 
Goal,  parallelism  o^  Newberry,  367. 
Conglomerate,  the  great.  West  Vir- 
ginia, /bntotne,  469. 
Costa  Rica,  note  on,  438. 
Decomposition   of   crystalline   rocks, 

AfU,  60. 
Domingo,  St,  OdNfj  234. 
Eozoon,  437,  598. 
Euchondria,  new  genus.  Meek,  445. 
Glacial  period  in  New  Zealand,  161. 
Hamilton  in  Ohio,  Winchell,  395. 
Helderberg  in  New  HampeQiire,  BUch- 

cock,  468,  567. 
Button,  views  ot,  GeOae,  232. 
Lava-flood,  LeOonte,  167,  259. 
lignite  beds,  formation  and  age  of, 
Leaquereux,  26,  546 ;  Newberry,  399. 
and   their   under-clays,  HUga/rd, 
208. 
UanriTnAla^  now  oquinc  from  the  Ter- 
tiary, MoTBh,  247. 

new  Tertiary,  Marsh,  531. 
Mountain  sculpture,  515. 
New  Zealand  fossils,  151. 
Permian,  Lower,  in  Saxony,  149. 
Pliocene  vertebrates  in  Colorado,  236. 
Quaternary,  whale  in,  597. 
Silurian,  land  plants  in  Lower,  Lea- 

quereuat,  31. 
Skeletons,  human,  from  Mentone,  439. 
Spider,  new,  from  Coal  measures,  Har- 

ger,  219. 
Texas,  western,  Jenney,  25. 
Trachytic  and  doleritic  rooks  in  Ne- 
vada, Blake,  235. 
Unakyte,  Bradley,  519. 
Woods,  fossil,  from  British  Columbia, 
Dawaon,  47. 
OiUman,    H.,    explorations    of    Indian 
•  mounds  in  Michigan,  1. 
Glacial  erosion,  Carr,  516. 

phenomena  in  Nicaragua,  694. 
period  in  New  Zealand,  151. 
CRaikme,  optical  properties  of  cymene, 
63. 


I    of,  143. 

Glycocoll,  new  synthesis  of,  225. 

Godejfrcy,  anUmonous  chloride  as  a  test 

for  cesium,  587. 
Gold  and  silver  production  in  1873,  165. 
Ooldsmith,  E,,  stibioferrite,  chromite  and 

trautwinite  from  California,  152. 
Chre,  O.,  electro-torsion,  418. 
Oeulding,  F.  R.,  frost-striations  in  mud, 

245. 
Gray,  A.,  botanical  notices,  63,  152,  239, 

440,  599. 
botanical  contributions,  noticed,  64. 
Chimm,  isomer  of  alizarin,  225. 
Grunow,  W.,  new  cathetometer,  23. 


Eahn,  H,  C,  hydrocarbons  from  solution 
of  cast-iron,  52. 

ffarger,  0.,  new  spider  from  the  Coal 
measures,  219. 
new  genus  of  Asellidse,  601. 

Hartt,  C.  P.,  on  geology  and  physical  ge- 
ology of  Lower  Amazons,  noticed,  607. 

ffawee,0.  W., feldspar  from  Norway,  579. 
chemical  composition  of   wood  of 
Acrogens,  585. 

Heat  generated  by  absorption  of  hydro- 
gen by  platinum  black,  58. 
mechanical  equivalent  of,  417. 

Heer,  Fossil  Flora  of  the  Arctic,  noticed, 
597. 

Hendricks,  J.  K,  Analyst,  noticed,  163. 

Hilgard,  E,  W.,  silt  analyses,  9. 
lignite  beds  and  their  under-clays,  208. 
Mallet's  theory  of  vulcanidty,  535. 

Hintz,  chromium  dioxide,  141. 

Hitchcock,  C,  H.,  Helderberg  rocks  in  New 
Hampshire,  468,  657. 

Hofmann,  coerulignone,  511. 

Honeyman,  D.,  whale  in  Quaternary,  597. 
Geology  of  Cobequid  Mts.,  noticed,  148. 

Hooker's  Flora  of  India,  noticed,  442. 

Hovey,  H.  C,  rabies  mephitica,  477. 

Hydrocarbon  fluorene,  224. 

Hydrocarbons  from  solution  of  cast-iron 
in  acids,  52. 

Bunt,  T.  S.,  decomposition  of  crystalline 
rocks,  60. 


Illinois  geological  report,  on  fossils  flgured 
in,  Meek,  189,  359,  445,  484,  530,  580. 

Indian  mounds  in  Michig^an,  Wyman,  1. 

Iodides,  molecular  conditions  of,  Xeo,  378. 

Iron,  hydrocarbons  from  solution  of,  52. 

Isomorphism,  molecular  weight  and  phys- 
iological action,  oonneotion  between, 
Bk£e,  193,  530. 
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Jamviiy  distribution  of  magnetism  in  soft 
iron,  418. 

Jafiwrnk^y  hydrogen  araenide,  139. 

•Terniay,  W.  P.,  geology  of  Texas,  26. 

JoYons,  W.  8.,  Principles  of  Science,  no- 
ticed, 629. 

Jbffy,  P.,  expansion  of  gases,  691. 

JoivMon^  S.  W.,  use  of  potassium  dichro- 
mate  in  ultimate  organic  analysis,  466. 

Jones,  T.  R,  work  on  ostraooids,  noticed, 
237. 


Kekule  and  RmM^  allyl  compounds,  64. 
Kobelly  F,  v.,  kjerulflne,  238. 

tschermakite,  a  new  feldspar,  239. 
Koppj  K^  brazilin  and  resordn,  64. 


Langley^  S,  P.,  structiure  of  solar  photo- 

sphero,  87. 
Lead,  184. 

Lea,  L,  on  Unios,  noticed,  607. 
LeOy  M.  C.J  a  combination  of  silver  chlo- 
ride with  mercuric  iodide,  34. 
color  and  reduction  by  light,  200. 
laboratory  notes,  376. 
action  of  Ught  on  silver  bromide,'483. 
Lb  Canity  Jl,  great  lava-flood  of  the  west 

and  on  Cascade  Mts.,  167,  269. 
Xeeds,  A,  /?.,  dissociation  of  certain  com- 
pounds at  very  low  temperatures,  197. 
LsaquereuXj  Z.,  formation  of  lignite  beds, 
29. 
land  plants  in  the  Lower  Siliuian,  31. 
age  of  ligmtic  formations,  546. 
note  on  Heer's  Fossil  Flora,  597. 
Light,  action  on  silver  bromide,  Zea,  483. 
influence  of  color  upon  reduction  by. 
Lea,  200. 
polarization  of,  Pickering,  102. 
polarization  of  zodiacal,  Wright,  451. 
relative  intensity  of  constituent  rays, 
228. 
Lime,  182. 

Liquid  surfaces,  vibration  of,  589. 
Lockyer,  J.  N.,   contributions  to  solar 

physics,  noticed,  162. 
LoeWj  0.,  wheelerite,  a  fossil  resin,  571. 
Lory,  C,  on  structure  of  the  Alps,  no- 
ticed, 595. 
l/mghridge,  R.  II.,  soil   mgredients    in 
sediments  from  silt  analysis,  17. 

strength  of  acid  and  time  of  digestion 
in  extraction  of  soils,  20. 
Lowery,  W.,  Melde's  experiment,  493. 
Lubbock,  J.,  work  on  insects,  noticed,  444. 
Lyman,  T.,  Ophiuridffi  and  Astrophytidse, 
noticed,  445. 


Maeh,  maximnm  density  of  water,  693. 
Mailly,  E.,  astronomical  work  noticed,  164. 
Magnetic  declination,  cycle  of,  448. 
Magnetism,  distribution  of  in8oftiron,418. 
freeing  magnetic  bar  frtHn  influence 

of  earth's,  Ikrowbndge,  483. 
Mallet,  R.,  on  volcanic  energy,  146. 
Marey,  physiology  of  flight,  419. 
Mairsh,  0.  C,  structure  and  alSnities  of 

the  Brontotherids,  81. 
new  equine  mainmala  from  the  Ter 

tiary,  247. 
new  Tertiary  mammalH,  631. 
return  of  expedition  of,  62. 
Maacari,    refraction  and   diqwrrion  of 

gases,  691. 
refraction  of  compressed  water,  593. 
MaMlyM^  silica  from  a  meteorite,  149. 
Massachusetts,  proposed  re-survey  of,  449. 

Health  report  of,  noticed,  606. 
Mazimowicz,  C.  L,  Synopsis  Lespedese, 

noticed,  16.t. 
Metk,  F.  R,  notes  on  fossils  figured  in  the 

Illinois  geological  report,  189,  369, 445, 

484,  630,  680. 

Buchondria,  new  genus,  446. 
Melde's  experiment,  Lowery,  493. 
MdUchamp,  J,  F.,  on  Sarraoenia^  600. 
Mdsene,  condensation  of  gases  and  liquids 

by  wood-charcoal,  etc.,  56. 
Meteoric  iron,  of    Howard    Co.,    Ind., 

molecular  structure  of,  and  on  solid 

protochloride  of  iron  in,  Smit?i,  391. 
Meteorite,  silica  from,  149. 
Meteorology,  Service  Monthly,  76. 
Metrolog^cal  Society,  164. 
Mexican  Soc.  Nat  Hist,  publication,  no- 
ticed, 74. 
Miller,  S.  A.,  journal,  noticed,  246. 
Minerals — 

Asmanite,  149. 

Chromite,  162. 

Culsageeite,  425. 

Hallite,  431. 

Jefferisite,  422. 

Kjerulflne,  238. 

Nickeliferous  sand  from  Frazer  River. 
Biake,  238. 

Norvaculite,  analysis  of,  Wait,  520. 

Oligoclase,  from  Norway,  Ilawes,  579. 

Pickering^te  from  Missouri,  520. 

Stibioferrite,  152. 

Trautwinite,  152. 

Tschermakite,  239. 

Vermiculites  and  their  relation  to  the 
micas,  Cooke,  420. 

Wheelerite,  fossil  resin,  Loew,  571. 

Zinc,  crystals  of.  Sharpies,  223. 
Mining  Engineers,  Transactions  of  In* 

stitute  of,  noticed,  449. 
Minnesota  Academy,  Bulletin,  608. 
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Mmot,  J.  J.,  spark -adjuster  for  Holtz 

machine,  494. 
Miyart,  G.,  Man  and  Apes,  noticed,  444. 
Mixter^  specific  heats  of  zirconium,  sili 

oon,  and  boron,  606. 
Morse,   E.    S.,  systematic   position    of 

Brachiopoda,  noticed,  154. 

Embryology  of  Terebratulina,  no- 
ticed, 161. 
Mud,  £rost-striations  in,  OoMmg,  245. 
Muider^  synthesis  of  an  isomer  of  nric 

acid,  55. 
Museum  of  Comparative  Zoology,  report, 

noticed,  609. 

N 
Navmann^  influence  of  position  of  the 

oxygen  atoms  in  the  molecule  upon 

boiling  point,  588. 
Newberry^  J,   S.y    parallelism    of    coal 

seams,  376.  ' 

lignites  and  plant-beds  of  western 

America,  399. 
Newcomb,  S.,  on  the  orbit  of  Uranus, 

noticed,  163. 
Nitric  oxide,  preparation  of,  416. 
Nitroanthracene,  224. 


OBrruAST — 

Agassiz,  Louis,  77. 

Clark,  H.  J.,  240. 

Durand,  Elias,  240. 

Holton,  J.  P.,  240. 

Hoopes,  Joshua,  600. 

y.  Malder,  J.  H.,  608. 

Naumann,  K.,  F.,  80. 

Phillips,  John,  608. 

Qu^telet,  L.  A.  J.,  450. 

Russell,  J.  L.,  240. 

Sullivant,  W.  8.,  239. 

Torrey,  John,  239. 
Observatory  of  Harvard  College,  engfav- 

ingsfrom,  noticed,  163,  446. 
U.  S.  Naval,  Observations,  446. 
Ozone,  oxidation  of  alcohol  and  ether  by, 

WrigJU,  184. 


Packard,  A.  8.,  works  on  insects,  noticed, 
246,  445. 

Parkhurst^  H.  if.,  astronomical  sugges- 
tions, 163. 

Pendulum,  horizontal,  226. 

PeterSy  C.  H.  F.^  new  planet,  244. 

Pickering^  E.  C7.,  polarization  of  light  re- 
flected by  the  sky  and  by  glass,  102. 

physical  notices,  57,  '^142,  226,  417, 
611,  590. 

Phosphorus,  production  of  black,  587. 

Physiological  action,  connection  between 
isomorphism,  molecular  weight  and, 
Blake,  193,  530. 


Plateau's  glyxseric  liquid,  416. 

Planet,  new,  244,  446. 

Polaris  voyage,  report,  527. 

Porter,  Flora  of  Colorado,  noticed,  620. 

Potassium  dichromate,  use  of  in  organic 

analysis,  JoMaon,  465. 
Potassium,  vapor-density  of,  5^ 
Pumpelly,  R.,  geological  report,  60. 


Quinizarin,  225. 


B 


Rabies  mephitica,  Hovteyy  477. 

Rath,  G.  vom,  Gtoognostisch-mineralo- 
gische  Fragmente,  noticed,  150. 

Raymond,  R.  W.,  report  on  mines  and 
mining,  noticed,  439. 

Regel,  on  Yitis,  noticed,  152. 

Resorcin,  54. 

RUter,  black  phosphorus,  587. 

Riviere,  on  human  ^eletons  from  Men- 
tone,  439. 

Rockwoodj  O.  O.y  rocent  earthquakes,  384. 

Rodwell,  G.  F.,  Birth  of  Chemistry, 
noticed,  450. 

Rose,  selenium  photometer,  512. 

S 

SadOer,  5.  P.,  analytical  notes,  180. 

Scmderoon,  J.  B.,  electrical  phenomena 
of  Dionffia,  143. 

Scammon,  C.  M.,  work  on  marine  mam- 
mals, noticed,  161. 

Schmidt,  nitroanthracene,  224. 

Schott,  cyde  of  magnetic  declination,  448. 

Schrauf,  A.,  Mineralogische  Beobacht- 
ungen,  noticed,  150. 

Selwyn,  A.,  geological  report,  517. 

Sharks,  S.  P.,  crystals  of  zinc,  223. 

Silicon,  specific  heat  of,  506. 

Silt  analyses,  HUgard,  9. 

Silver  bromide,  sensitiveness  of,  to  so- 
called  inactive  rays,  140. 

action  of  light  on,  Z«a,*483. 

Silver  chloride,  combination  with  mercu- 
ric iodide.  Lea,  34. 

Silver  salts,  solubility  of,  Lea,  376. 

SmUh,  J,  L.,  meteoric  iron  of  Howard 
Co.,  Ind.,  etc.,  391. 
Original  ReiBearches,  noticed,  439. 

Smith,  S.  /..  Crustacea  common  to  Lake 
Superior  and  Europe,  161. 
tube-building  amphipoda,  601. 

Smitt,  F.  A.,  Floridan  Bryozoa,  602. 

Soil  ingredients  in  sediments  from  silt 
analysis,  Loughridge,  17. 

strength  of  acid  and  time  of  diges- 
tion in  extraction  of,  Loughridge,  20. 

Solar,  see  aun. 

Sound,  reflection  of,  by  flame,  514. 
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Specftnim,  so-called  ocmtinuiiig  rajs  of 
Beoquerel,  508. 

variations  of  chemical  actiyity  in 
solar,  414. 

Steams^  R.  E.  O.,  alojonoid  polyp,  68. 

Stefan^  evaporation  of  liquids,  152. 

Steher^  solubility  of  arsenous  oxide,  509. 

^reiniz,  if.,  elongations  due  to  electricity, 
511. 

Strontia,  181. 

Bun,  eclipses  of  1870,  Italian  report,  no- 
ticed, 71. 

spectrum,  414. 
photosphere,  Langby^  87. 

Suringar,  W.  F.  R.,  botanical  work,  no- 
ticed, 66. 

T 

Terquemf  Plateau's  glyceric  liquid,  and 
film  experiments  herewith,  415. 

Thompaon^  •/*.,  gaseous,  liquid  and  solid 
states  of  water-substance,  593. 

Touer,  J.  M.,  Dictionary  of  Elevations, 
noticed,  450. 

Thinntn,  intensity  of  the  constituent  rays 
of  various  sources  of  light,  228. 

Trouibridgty  «A.,  freeing  magnetic  bar  from 
the  influence  of  the  earth,  483. 

Tmchot^  carbonic  gas  in  atmosphere,  139. 

2\fndaUy  acoustic  transparency  and  opac- 
ity of  the  atmosphere,  513. 


Units,  dynamical  and  electrical,  229. 
Uric  acid,  synthesis  of  an  isomer  of,  55. 


VcUerUtney  J,  •/!,  gold  and  silver  produc 
tionin  1873,  165. 

Verrill,  A.  K^  dredging,  on  the  coast  of 
New  England,  38,  131,  405,  498,  608. 
notice  of  Morse  on  systematic  posi- 
tion of  Brachiopoda,  154. 
gigantic  cuttle-fisheB,  158. 

Verrill  and  Smith,  Invertebrate  of  South- 
em  New  England,  noticed,  602. 

Vibration  of  liquid  surfaces,  587. 

Vibrations  of   strings,   Melde's  experi- 
ment, Lowery^  493. 

ViUari^  change  in  magnetic  condition  of 
flint  glass,  143. 

Vogd^  sensitiveness  of  silver  bromide  to 
so-called  inactive  rays,  140. 

chemical  activity  in  solar  spectrum, 
414. 

so-called  continuing  rays  of  Beoque- 
rel, 508 

Volcanic  action,  recent,  in  Hawaii,  516. 

Volcano,  crater  of  Maui,  Alexander^  525. 


Vulcanidty,  Mallet's  theory  of,  Mlgardf 
535. 

w 

Wagner  and  Sofyt^f,  new  synthesis  of 
alcohols,  511. 

WaU^  C,  £,  analysis  of  novaculite  from 
Arkansas,  520. 

Waiiiha,  constant  normal  flame,  507. 

Water,  refraction  of  compressed,  593. 
maximum  density  of,  593. 

Water -substance,    gaseous,    liquid  and 
solid  states  of,  593. 

Watson,  S.,  contributions  to  botany,  no- 
ticed, 63. 
revision  of  Chenopodiaoee,  599. 

Whedety  G,  M.^  explorations  and  surveys 
west  of  the  100th  meridian,  38a 
geological  report,  noticed,  246. 

WhUeaveSj  J^    W.,  deep-sea  dredging  in 
Gulf  of  St  Lawrence,  210. 

WineheU,  N.  H.,  HamUton  in  Ohio,  295. 

Winchell  and  Peckham,  geological  re- 
port, noticed,  597. 

Wood  of  Acrogens,  Hawes^  595. 

Wright^  A,  W.,  oxidation  of  alcohol  and 
ether  by  ozone,  184. 
polarization  of  zodiacal  light,  451. 

Wymati,  «/*.,  Indian  mounds  and  ^uUs  in 
Michigan,  1. 

T 

Toung^  C.  ^.,  notice  of  Italian  report  of 
eclipse  of  sun,  71. 


Zirconium,  specific  heat  of,  506. 
Zodiacal  light,  polarization  of,  Wrighi^^bl. 
ZoUneTj  horizontal  pendulum,  ?26. 
ZOOLOOT — 
Amphipoda,  tube-building,  Smith,  COl. 
Asellidiffi,  new  genus  of,  Hargtr^  601. 
Birds,  relation  between  color  and  geo- 
graphical distribution,  449. 
Brachiopoda,  position  of,  154. 
Crustacea,  common  to  Lake  Superior 

and  Europe,  Smithy  161. 
Crustacean,  new  genus,  212. 
Cuttle-fishes,  gigantic,  VerriH,  158. 
Dredging  on  the  coast  of  New  England, 
recent,  VerriU,  38,  131,  405,  41)8. 

operations  in  Gulf  of  St.  Lawrence. 
Whiteaves,  210. 
Fishes,  subterranean,  Chaaej  74. 
Invertebrates,  marine,  Verrill^  38,  131, 

405,  498. 
Limulus  on  Dutch  coast,  162. 
Polyp,  new  alcyonoid,  SteamSy  68. 
Skimk,  rabies  mephitica,  477. 
I    See  further,  under  Gsoloot. 
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